-1- i* 5 Background of the Invention The technical field
. of tﬁhs I nvention is the treatnment of active factor deficiency disorders
and, in particular, the treatnent of diseases and 10 di sorders which nmay
be renedied by treatnment with ‘active factors, such as neurotransmtters,
neur onodul at ors, hornones, trophic factors, cofactors, and growth
factors. Al these substances are characterized by the fact they are
secreted by 15 "source" gl b&v@nézﬂﬁﬁéﬁﬁeo@ REPEVE PaCRERGE I N 2

"target" cell or in the source cell T1tsel Deficits in
active factors have been Egﬁgpkgﬁégggﬁﬁ—@E%%a§¥—¥k¥3§very di fferent 20
phenotypes. For exanple, |lack of neurotransmtter- medi at ed synaptic

cont act caus eur opat hol agi cal S toms, and can also lead to the

Gtimte  dedlthate 40p20Lhe et Shs PHvol ved. WD 93/ 00439
PCT/ US92/ 05390 ' -2-

' The technical field of this invention is the

treatment of active factor deficiency disorders and,
in particular, the treatment of diseases and

10 disorders which may be remedied by treatment with
active factors, such as neurotransmitters,
neuromodulators, hormones, trophic factors,
cofactors, and growth factors. All these substances
are characterized by the fact they are secreted by

15 "source” cells and produce a specific change in a
*target” cell or in the source cell itself.

Deficits in active factors have been
implicated in disease with very different
20 phenotypes. For exahple, lack of neurotransmitter-
mediated synaptic contact causes neuropathological
symptoms, and can also lead to the ultimate

destruction of the neurons involved.
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Moretparticularly, paralysis agitans, commonl y known as Par ki nson's
di segse, is characterized by a lack of the neurotransmtter,

dopam ne, within the striatum of the braim, secondary 5 to the
destruction of the dopam ne secreting cells of t he substantia nigra.
Af fected subjects denonstrate a stooped posture, stiffness and

sl owness of novenent, and rhythmc trenor of |inbs, with denentia

bei ng often encount ered y S e di sease.
The direct adn1n|stratloﬁﬂg¥%ﬁﬁ??QM§%qq9 5%9%§y9§s ?}Qaégpanlne its

precursors, anafYYeHIy known QSN?QﬁkP@ﬁ§nh§sdB§§ﬁ5§tuHFed for therapeutic
\éal ue in | éS ct}ﬁ‘aﬁ:ddiﬂtﬂﬁﬁ i aPaﬁlcmmn t&&h&@&&%ranﬁi@lﬁeeﬁt udi es 4
“have reveal ed various prohlens wit r abilit osage, an
cytotoxicity ofg? e aﬁ%l e Tih The S8 % gyofotBStBraﬁﬂne58¥°?&%§%

appr oaches ha$ to the digsinstatdtosd ofoithet dapaning sabrebhénapeells val ue.

20 Brain deriveghgroidy GOm0 MY AR(BAPILBILLRL gemonskPbi 1N the
treatment of Parkinson's di seas€ sinc beeh denpnstrated to
mai ntai n the vi&bP¥eeBeDPOSture sistififaesse@ndns1pnessr of 25

Many other defiféedttentd] sasahytitl d8vemor ofd13RBEGSwiBHX&ERERL 1§ OW h

defi ci enci es and per haps even zheiner's di sea e, ear _.to be based
'n whol e "o it Ban spoond Bl a0 sFa RAPERCRISEEABRR 06 of

a
critical acti@etlhieciiomedse.target cells. 30 In an attenpt
to provide a constitutive supply of drugs or other factors to the
brain or ot her organs or tissues at a controlled rate,

m ni ature osnotic punps digest adednipswesden of purifiew) 9B/ 00439
PCT/ US92/ 05390 synthetic dopamine, its precursorss- analogs and

inhibitors has been studied for therapeutic value in

15 the treatment of Parkinson's disease. These studies
have revealed various problems with delivery,
stability, dosage, and cytotoxicity of the applied
compounds. To date, none of these approaches has
demonstrated more than marginal therapeutic value.

20 Brain derived growth factor also may have potential
value in the treatment of Parkinson's disease since
it has been demonstrated to maintain the viability of

striatal neurons in vitro.

25 Many other deficiency diseases, such as
diabetes, myxzedema, growth deficiencies and perhaps
even Alzheimer's disease, appear to be based in whole
or in part on the absence or limited availability of
a critical active factor to target cells.

30

In an attempt to provide a constitutive
supply of drugs or other factors to the brain or
other organs or tissues at a controlled rate,
miniature osmotic pumps have been used. However,
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limted solubility and stability of certain drugs, as wel | as

reservoir limtations, have restricted the useful ness of this

t echnol ogy. For exanpl e, control | ed-3ust ai ned rel ease of dopam ne has
been 5 attenpted by inplanting dopam ne encapsul ated within

bi oresor babl e m crocapsul es (MRae- Degueurce et al. (1988) Neurosci
Lett. 22:303-309). However, control |l ed sustained rel ease of a drug
froma blahaﬁtha@bauMthwgraﬁaystebyaleygof @Qr@#iKA&¥u%E 105 surface
erosion, which nma due to var I Qus é ¥ ic events r'osion often
relies on wﬁé dr 85y FEE CEVEAEs WﬁﬁgﬁtFﬂBFea RVE hESFFREFF SR I

drug degr adat i omsefmd nessploifczhés éstahbilsbhypent Fot exampl@;edlctable
rel ease rates. gol?xpt oq'l‘%ﬁd\é%@t%g%%fi re?(gaF1 I(%gapa 2| b esenand

resor babl e pohyners i nclud |es and the | ack
of feedback attegphedt bynimplanting dOPamlneThecamﬁntﬂmed|wwtkﬁncelIs
capabl e of 2%va@@@b&b@bu§ehxcabeeggumgsaaﬂcﬁsgxﬁa¢£§h$&éﬂéﬁﬂ&plIy
active factors hgéa%e been atte ted Recen renedi al

transpl antation ¢ RERIQSCA t { °§éé?éirngﬁ?W%§%%'has been
acconpl i shed usicogtiried 1ed suspaﬁneﬂtrsléuﬂetossamﬁfugaﬁrdmnato elicit an
i rmune 25 re X c ech an1ne secretl ti ssue
fromthe adrena?ﬂgqgﬁpfggkgg gpgkﬁFs f’%g?’ferl ??&ﬂ?%éf?ﬁnson's
di sease has G@Eﬁwr#GEGn?éQSﬂﬁnbhEhﬂCh may berﬁ@@L#nvwatnwmme success.

F?wever, thgg p e MYRRPIRR ic erent% Chhyo§§sﬁ b@tfﬁgﬂffiégléﬁs than 60Cgﬁ?;fn
of age, a e .adrena er pa
suff?cient dopaiWﬁéoég ggtpﬁsggg|w§1c$h}gcre se Y%%t**%%&%ﬂ?qqrﬂqs t he

useful ness of tldeugr degdedetasn, and aomphbdytes neet dhki shwaase frost of t en

gg;?&%;zfggggo prediRABh® release rat¥D. 935004 ?%élsadvantages
15 associated with pumps and resorbable polymers include

finite loading capabilities and the lack of feedback
regulation.

The implantation of cells capable of

20 constitutively producing and secreting biologically
active factors has also been attempted. Recently,
remedial transplantation of neurotransmitter-
secreting tissue has been accomplished using the
patient's own tissue so as not to elicit an immune

25 response. For example, catecholamine-secreting
tissue from the adrenal medulla of patients suffering
from Parkinson's disease has been implanted in their
striatum with some success. However, this procedure
is only used in patients less than 60 years of age,

30 as the adrenal gland of older patients may not
contain sufficient dopamine-secreting cells. This
restriction limits the usefulness of the procedure as
a remedy since the disease most often affects older

people.
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O her approaches have been attenpted to transplant cells into brain
tissye even though the brain is considered "immno-privileged",

rej ection ultimately occurs with bet¢h allografts and 5 xenografts.
Thi s probl em necessitates the co-adm ni stration of

| mmuno- suppressors, the use of whi ch renders their omn set of
conplications and del eterious side-effects. A nunber

of researchers have propmast: tdrtﬁproacneél%%v%f b@bﬁf 95@8&?%@5 t{: e., tiny
spheres which oscoplc droplet o solutlon

sul
for both therapdift 9%§¥%éﬁ) éhﬁ(ﬁ?ﬁﬁJ §sds &ﬁ&“?aﬁﬁén thouggcﬁhé product i on
of biological promirctiss conslislered "immuno- prlAﬁlabéﬁFDat?Yégﬁp@ﬁOaCh hasII
been macreanNGRAS hcal % oadi ng cells
into hollow fibers and 9ﬁen seé*nhﬁﬁx&%&h ﬁlngE?¥9L ?ﬁgs In contrast to
m crocapsul es> XenOGY e oc APEA éEfQ?flfeér negessdtaheagbhef easy
Fetrlevab”ltB/céuhdmﬂﬁwéﬁiﬂtmﬁﬁkﬁfth%nbh§h§B§EE§8rs, thel BLAPES.
However , there‘g?e short m crocapsul e and

S . 25
macrocapsul e a 2&%61r own 5&Ft8f| RETPAEATIERFI PRY o
encapsul at ed CGﬂQEBEﬂI]OUS side-dfifedtspl ants often fails for as yet

undet er m ned reasons. Even when the cells remain viable, they
sonetimes secrete their products at | ower than 30 therapeutically useful
| evel s. 10 number of researchers haverpproposed the PCT

publ i cati on \/\D%J&@&ﬁdﬁﬁﬁsdl@s,m Nt RengnspREARSULALEH source of
neurotransn1ttqéﬁé§§§u QQ éxﬁlcgéécop1c droplet of a cell solution,
for both therapeutic implantation purposes and large
scale production of biological products.
15
An élternative approach has been
macroencapsulation, which typically involves loading
cells into hollow fibers and then sealing the
extremities. 1In contrast to microcapsules,
20 macrocapsules offer the advantage of easy
retrievability, an important feature in therapeutic
implants.

However, there are shortcomings in both the
25 microcapsule and macrocapsule approaches to cell
culturing. The viability of encapsulated cells as in
vivo implants often fails for as yet undetermined
reasons. Even when the cells remain viable, they
sometimes secrete their products at lower than
30 therapeutically useful levels.
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close proximty to a spatially separate encapsul ated source of growh
.factor-secretl ng cells. Mnitoring of the encapsul ated cells is reported to
have continued for only up to four weeks?- Therefore, there exists
a need for inproved therapies for the treatnent of active factor deficiency
di sorders in general and, in particular, a need for therapy devices which
can revitalize or replace the functions of dysfunctional areas of the brain
or other organs wi thout Thaustngeextiesse vex istaurm. nddl & cxpeoifrovald y, there
exi sts a need dg . of h fa [ he delivery of

bi ol ogi cal |y aféglé\gggéggt 2?9 se Flg%% zeddérf;glcc?rﬁ;efﬁ éydg:gﬁt ect.

Accordi ngly, i@efidCaRngH; @éﬁoéﬁerﬁe“ﬁ)rmai rArght ioh ragr traMdiade mor e

reliable or nmpReROkER th%b@?téébﬁcéé‘%@%@&l%%%eﬁﬂe fgr the

sust ai ned and con roII bi ol ogi cal | actlvefactor to a
subj ect, and nﬁleé? B&Ft %gﬁl EPP9t1¥BS p?g\)‘?%%f‘ﬂ%iﬁ WGP &F ddS ver a

bi ol ogi cal |y attriai@ bacbéhereoggans wethasctdats inpmrcedsioteor, or growth

factor, to a | ed 0 e j i
5a Q.Cr%uré MSQ!e Ppgélgf%égf i oér?{e]:qsr @E%\ﬁ ?f}&!angft devi ces are
d| scl osed her emtﬂ’l@ﬂst ﬁé @éhéﬂpwﬁl yed o swHiaigling e idekiwesty at | east

one bi ol ogi cal lo¢ 3abi1¥gitacL9r abLiRE PEGES Ko td S Xz Stlyient suffering
froma defi en y orélgjgan dysfunction. This active factor is provided by

a synergisti® &nfi ¥ ftof "at least two cell types derived from different

popul ations of cells from separate sources. In accordance with the

met hod of the present i Q\é %99352”&'& pgrg)vdtgijeeq:ta Jeet rowét}lf £ g_;:lum ng an

| east

active factor conpri si ng
one specific agmwpgtﬂ@@t@p-prov1de more reliable or more pctent,

implantable, therapy devices useful for the sustained
15 and controlled delivery of a biologically active

factor to a subject, and more particularly, to

provide devices which can deliver a biologically

active factor, e.g., a neuroactive trophic factor, or

growth factor, to a localized region of a tissue or
20 organ in a subject.
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secreting cell isolated froma first tissue or cell i ne;

proviyding at | east one specific augnentary subst ance- pr oduci ng
cell isolated froma second tiséwe or cell line different from
said first tissue or cell line, and said augnentary substance
being a nmol ecul e which jnduces the active factor-secreting

cell to secrete active factor, said augnentary

subst ance- pr odugunmaeel bfbehsgihseheied from a second tissue or
cell line different fromsaid first tissue or cell line, and said
augnent ary substance is different fromsaid active factor;

encapsul ati ng said acti vdetheodsrasécdetices catd disclosed aretesiai Gor
augment ary subs¢aBCeoRLedY woecshﬁ SAltdh1ea de1ivdtSHE RY TRAYE

nmenbr ane, said nenbrane allow n Sai T actlve
factor theretRr SEiShbl&ﬁ&glcallY active fagtan ity Aniarw@rearstissed cel | s.

- 5b - Thefi BvVenbleBtaks ot OF Ovd dﬁSona &Qiéfl“d&'éd&}e Fe\d1&fard Or

i npl antation w ubject, for the d very of an active factor to said
subj ect, said d yﬁggngg bISI éls S0EFE 4 ¢¥ FEAFESE @ nenbr ane

permtting the synerglstldl tousinatdn arf et |lsas‘tadiw deidr afvipesugh, whil e
eXoluaing gent 8eRs @At -Bh aRProtdf YoddANAL [ ce11s £rom W CN AT

detrinental to one speciti’c actlve

fact or - secr efPn§eparate sousfesdi sposed mnthln the menbrane, said active
factor-secreting cell being isolated froma first ti ssue or cel
l'ine; and | east _one s eC|f|c au nta&y subst ance-

t
produci ng cel | disposed gptﬂ?ﬁogéﬁ?F presgidnent ary
subst ance bei ngiaveokéon| eawboetnlndteas at leasttdﬂééxaﬂﬂ#é

factor- secret| gaebl L0c9Eel g off | fitatnsa eron 3°'iorodil auorent ary

subst ance- pr oduci ng |so ate roma’s
cell line 15 and éFfi@ﬁéht0$¢o@ﬁ&ﬂﬁﬂt&ﬁﬂwﬁuhﬁﬁﬂnmﬁ1mTQ@ﬂd1m9|nelland

produci ng an augpepifed sHbEt ANgScddPtsdurd e i¥ @ ¥ent from tnkf OM said
active factor an tpat stinul ates said
source, are encapsulated within a selectively
permeable membrane. This membrane protects the
co-culture from autoimmune and viral assault while
20 allowing essential nutrients, cellular waste
products, and secreted active factor to diffuse
therethrough to the local external environment or to

the co-culture.

25 As used herein, "deficient” or "deficiency™
refers to the state of an organ or tissue which can
be therapeutically altered by the presence of an
active factor-producing cell.

30 "Active factor-producing cell" as used
herein refers to any cell which produces and secretes
an active factor such as a neurotransmitter,
neuromodulator, or catecholamine, growth factor,
cofactor, trophic factor, or hormone. These include
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active factor-secreting cell to secrete active factor. The

menbrane protects the . -6-

Summary of the Invention Methods and devi ces are di scl osed
herein for the constitutive and controlled delivery of at least 5 one
biologically active factor to an organ or tissue ~of a subject suffering
froma deficiency or organ dysfunction. This active factor is provided

by a Synerg'%@QQSCQ%QEnﬁkb@choing%liﬁasfaéwgrC@ifItWﬁ%&hl derived from
di fferent popul ations of cel from 10 separate sourc In

accor dance wi t h “2& OfSt ﬁB&hOPSp?éXEHFOPoe%h%’én@’il@ng1‘%?”(‘-:1@) hapmapesof at | east

one active faﬁbangeeﬂe&eagoﬁeégmb@ﬁfﬂ@ﬂsfé@@haa%'Ifﬁeﬁﬁ%ﬂﬂé% %ﬁuﬁnﬁdat
| east one augne nce- produci n ained froma seco
source differ en%(?f%{rln%t%% gnz?’mg& ) g’ét”é?%l%%c TUY ated within a
selectively 5 patibafveseenbtine. celhss mmmmfarm:mntm:& theh as

co-culture f romegmaghmgg aagngkﬁgingss%gtm% & 20, vaf I,}eisssent i al

nutrients, celluylar waste product s secreted actlve factor
di f fuse t her GPRPougRVEBME feaFig al SREQEOMED . dARAWIIRENt OF tO the

co-cul ture. 25norep1neph6$n§$eéphﬂéﬁ%fhneﬁkﬁdd”éﬁﬁtyf&hof%ﬂ@ ciggnecy”
ssu herapeutlcally

i tored by the BRadeRseBRr il Pablats UEih % e odith ngr A 370 an

10 array of fibroblast growth factors, and neurotrophic
factors such as BDNF and NT-3. This term also
includes any cell which produces and secretes
analogs, agonists, derivatives, or fragments of an
active factor having the biological activity of the

15 active factor as well as inhibitors of normal
biological factors in some instances where disease is
caused by an excess of such biological factor (e.g.,
as in Huntington's Disease). 1In addition, cells
which naturally produce and secrete active factor, as

20 well as those which are genetically engineered.to
produce active factor, are included.

"Augmentary substance" as used herein

includes any molecule produced by an augmentary

25 substance-producing cell which induces another type
of cell to produce and secrete active factor and/or
enhances the production of active factor, generally.
This term also encompasses those molecules which
cause cells to grow, proliferate, and/or

30 differentiate into active factor-producing cells.
Preferred augmentary substances include growth
factors such as nerve growth factor (NGF), fibroblast
growth factor (FGF), epidermal growth factor (EGF),
platelet derived growth factor (PDGF), trophic
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30 "Active factor-producing cell"” as used herein refers to any

cel | .which produces and secretes an active factor such as a
neurotransmtter, neur onodul at or, . or -8at echol am ne, growth factor,
cofactor, trophic factor, or hornone. These include WD 93/ 00439
PCT/ US92/ 05390 -7- cells that
produce insulin, Factor VIII, trophic factors such as erythropoeitin
ang growt h hork_rﬂaaesrs suchbisl aghgﬁLaisﬁmsxeefodﬁrcs f%gl;;h)dras | ynmphoki nes
an cyt oki enz S nt i nt i body-secreting
cell's, neurotré%@%??fe?égEEEE g§°pln ?eh§§ %L RSt phi ns, Subst ance

P, and endorphﬂwmphokine@ABAndghqrmnnesaC|@theermmeﬂBnredhnxnﬁ ne
nor epi nephrlne,au%mea%a i 98 B85 RAAcBECOY | ERO I Afentfon inaMiRlds A5 Orowh
and

factors such as DG, 0O array o ast growth
factors, andn&ff6Ctopsi ef Varl?‘dét'&?@b%%ﬁ E%CW%rﬁP @5 This term

al so i ncl ldfi@?caﬁxla)ieCeH n‘i\bbethEOd'nﬁsstéﬂd smcjrﬁéraﬁary anal ogs,
agoni sts, derivati haV|n t he

) t t
ool ogi cal act s Sapea s8 ERERFrRRs fH o At Tord Hrto AL of
nor nal bi clgegiissls.f avedrgsi ndevieat hveancasd hes@natitseade ars
caused by an e%ﬁ%%%n%%r?“%ﬂggkgheg'GﬁiffaHSGé éﬁﬁ $ﬁllty 685£ﬂh

Hunti ngton's Di s€ase) tion nat'ural |y produce and
secrete actilfe GeddSoto §§credp AEEivastpRbRE MALPT oF el peiaisT AUgh
engi neered to censplt@dmedaetel Hetiaet pactore incCludipty, for

" b d I d db
an augment ary SRS PHRRCbBGLY ng eRE PR RS Bt tvpe

of cell to prodﬁ&ﬁvaﬁd—§ecﬁeﬂ§,aendvsGFactor and/ or enhances the
production of active factor, generally. This term al so enconpasses
t hose nol ecul es which cause cells to gro roliferate, and/or 30

differentiatl® into actl@éef5§F6r36P8@96FH§YC§PP§€ance PTR@EE R augnent ary
substances i ncldéda "grewells to a cell obtained from one source which

produces and secretes into the local environment a
molecule which induces a different cell obtained from
a separate source to synthesize and secrete active

20 factor. 1In one embodiment of the invention, the
augmentary substance-producing cell is one which
normally secretes that augmentary substance, such as
NGF-producing hippocampal cells or PDGF-producing
platelets. 1In ancther embodiment, the augmentary

25 substance-producing cell has been genetically
engineered to express and secrete that factor (such
as the NFG-secreting ratl N.8-21 fibroblast cell

line).

30 The augmentary substance-producing cell and
the active factor-producing cell are different types
of cells and are isolated from separate sources.
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factors such as nerve growh factor (NGF), fibroblast growt h factor

(FGF)., epidermal growth factor (EGF), pl atel et derived growh factor

. (PDGF), trophic WD 93. 39 -9~

- PCT/ US92/ 05390 - 8- factors such as
brai n-derived neurotropic factor (BDNF), and neurotropin-3 (NT-3),
cyt oki nes, | ynmphoki nes, and hornones. Qther preferred

augnent ary substances of Inhhenenegehbdibmenticdfidgse inventgfdmcttdies of vari ous

menbrane recept grg;gEch, 8 : g [..nicotin he term
"augnment ary éu st%nggrafgoaeiﬁ%%ﬁggs%%és)mn% erdnlayn &&%rs but al so

agoni sts, anal og99mgRkpy¥t fvbstanpe isagmeensotofarmmitter- augnentary

substance whi chshamg1hBengbEbétyrt 0 FOHUCEamp16l A £RHeS JrR£38G/Rt e active
factor and/or _stipul.ates, s |ls to produce active factors

uc ce ) A
i ncl udi ng, foP SMbOAiREHEN s?er@%mﬁmwmmm 663 Lol SFGF, EGF,
PDGF, NT-3, BDNbpneawhidlFsecretedSdopamine suldie d=£/dB113UdERNEREY

subst ance- pr odugi ) e to cel l. obtai.nedq from one source
whi ch pro Eggstgﬁdagggéi‘e e'é&ifhﬁ{gath “%?%Yco 1A SAtent a

nmol ecul e whi ch mageteerhadi¢feisswecedt e aiewsbHlaghic cells.sefdar ate

source to synthgstgengpsveCenbbiRChtye the:ghééﬂgfyétebnCQQQS?nbOdinenF of
t he inventi on, augnent ar%/ subsf ance-producing cell is one which

t he
normal |y secrt@ BEOERGE AbRFENMEFIPEIARIBHAEST S IFhags gammaNGF- pr oduci ng
hi ppocanpal cel b&inobiPDEE: Proci®) Ngerotonip) alcRit8lizho1in@not her enbodi nent,

engi neared to’ earSBLILRRH EREY BERRUEN IR or B . (e
NFG secreting rapRoRPBing, feénkemhabingeldynorphin,i og) other 30 ~ The
augmentary substgigeand @INeEdgs £8P hormal ddlseAGuhke 16@GE OF 1" oduci ng

cell are different types._. )
15 this g%%odlment the augmentary substance-secreting

cells are those which secrete NGF, EGF, BDGF, NT-3,
PDGF, or the like.

Alternatively, the encapsulated cells of the
20 present invention may secrete an agonist, analog,
derivative, or fragment of an active factor or
augmentary substance which is biologically active.
For example, an embodiment of the invention includes
cells which secrete bromocriptine, a dopamine
25 agonist, or cells which secrete L-dopa, a dopamine
precursor.

The encapsulated cells of the present
invention may be allospecific, or cells obtained from
30 matched tissue of another of the same species.
Alternatively, the cells may be xzenospecific, or
cells obtained from a similar tissue of a different
species. However, regardless of their source, the

cells to be transplanted form a co-culture consisting
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of cells and are isolated from separate sources. WO 93/ 00439

PCT/ US92/ 05390 - 9- In one
embodi nent of the invention, the adfirve factor is a neurotransnitter,
and the augnent ary substance Is a neurotransmtter- stinmulating
factor. For exanple in one preferred 5 enbodi nent, the
neurotransmtter-secreting cell is one whi ch secretes dopam ne such

as cells isolatefd a cell foopaited ddoenahensdukta, weidh yoyn ehyeniedl
mesencephal i c tlsdsue e Qhl.asti¢c.ce al ternative

I n.
enbodi ment's, tHe er?cé:prettﬂ }{ed SEirsd ac b"SrléaisiE%fg}%e‘?hh‘éﬁ Y& ansmitters

such as ganma regiorammdiustspe ©fae@i dpbgecdt vai def dckeyt chabd ne, .
nor epi nephri ne.s LRI Gbtdite mf?oﬁcbdseco?d sGUAOL PRaEee pEPNA I NS,

dynor phi n, or ot er onpounds necessar nor mal nerve ctions.
I'n 15 thi & érﬁ%ﬁlt??@ntfltri% é@g‘#ﬁﬁt)af”iﬂﬁyhbﬁahb%sbéﬁ etfhgsecretegel |s are
those whi ch secRired¥G@ry EdbstBRce. NT- 3, PDGF, or the |ike.

Al ternatively, the encapsul ated cells of the 20 present invention may
secrete an agoni st, anal og, derivative, or fragnment of an active
factor or augrrentatrryoswbmmaem&htchthe beoiogi catygtettfoe.

For example, anpiafiime, e 2e:b8vERLtan-EockudeRy ce11s CRk | nyhi ch
secrete bronocriptlne, a dopan ne agonj st, or ? whi ch secrete

L-dopa, a doffarRifen or Otﬁ’ree‘c r‘eg“m iX the s“bJSCtThes%%%p’é’%ﬂ%t ed cells
of the present is oftdmwiiy isdinte®f hangl hespetbgical ofeftionobési ned from

30 mat ched tlssqg‘fgs&yggggﬂ 9f, oQ%e% gﬁbgagﬁg3§s the ta€$é§éQa££¥$|SSUthe

cells may be xenospeC|f|c alned " froma“sirm |l ar e of
a different may dpreditess. 1mmv@ta,ncrr@g§r.dke§9em ehebeneonaEEO%Wi he

for example.

15

The terms "selectively permeable" and

*semipermeable” are used herein to describe
biocompatible membranes which typically allow the
diffusion therethrough of solutes having a molecular

20 weight of up to about 150,000 daltons. The preferred
semipermeable membrane materials include polymeric
materials selected from the group consisting of
acrylic copolymers, polyvinylidene fluoride,
polyurethane, polyvinylchloride, polyurethane

25 isocyanates, polyalginate, cellulose acetate,
cellulose nitrate, polysulfone, polyvinyl alcchols,
polystyrene, polyamide, polymethyl-acrylate,
polyacrylonitrile, polyethylene oxide, and/or
derivatives, or mixtures thereof.

30

In one aspect of the invention an

encapsulated co-culture of active factor-producing
cells and augmentary substance-secreting cells is
implanted within a subject and then retrieved when




(]

cells to be transplanted forma co-culture consisting WO 93/ 0

PCT/ S92/ 05390 -10- of a cell

obt ai'ned from one source which synthesi zas - and secretes a desired
active factor in which the region or tissue of a subject is
deficient, and a second cell obtained froma second source (different
5 than the first source) which synthesizes and secretes augnent ary
subst ance. the cells havéNefpPr&bodidmeRl ’lotnr&eerr %&'n%ﬂo%r getggd for

|rrpl antation of active ,factor-secretjng cells is rain or other

CNS region in tRESsOBj 2RP9eE; FeruitRd to Corre§toftth§ndﬁlfréc§|9tn§yof nmany
neur ol ogi cal deflisoederes Retriewdl diapderazcolmp ldtished @yb@@amnbs t he

targeted area I r,eas i dne ne _marrow,
for exanple g10g8¥99€1£P§ ﬁ3§¥954¥y3 13'§“ﬁ§§t éﬁywééfﬁeéﬁle" and
"sem per neabl 8" akkachg@dtacktes rencepmslatiing membramiesconpati bl e menbr anes

which typically allow the di ffusi on therethrough of solutes having a

nmol ecul ar 20 wei ght of ug t o about 150 000 daltons. The preferred
seni per meabl e nenbrane maRefPAbRET RIRRFF [?cfl s present ipyeatigns sel ect ed
fromthe group tbaseatapgubéting memtmrard d scdpoltheeshapeolofyiantubdene

fl id t | | | h 25
| socyanat es, pol'yaror bt PEELRPE BAAAY etela”Sy RentNaEYC Bugs P o,
pol ysul f one, 1BoF§RE nyl Surbomotenstruct WM@tSyrté!m easyl yaplacement

pol ynethyl -acrybatgither t 9@'U@Cd‘é’iPmlttle'rxe:th‘éOIniéﬁmléln%n%l@ﬁ' denegnd/ or
er eof I n Qqne aspect of the

derivatives, orlnkéturg r )
i nvention an ehit E§u Bt B F ctiﬂec &I &6 itvder fBESANFSoduci ng
celI's and augneaftey sebsieviak-Semieiinguigldct via the attplcheiged within a
subj ect and theguggér%gygd when
15
Alternatively, the membrane is in the form
of a macrocapsule or microcapsule. These capsules
may include an integral tether that extends from the
capsule. The tether preferably is of a length
20 sufficient to reach at least from the treatment site
to the proximity of the insertion site. The tether
may also be a part of the cell capsule itself that
extends above the insertion site. Once the vehicle
capsule is positioned in the passageway to the
25 treatment site, the tether may then be secured at the
insertion site, e.q., by securing the tether to the
outer surface of the skull or other bone and its
other end proximal to the insertion site by means of
surgical staples, biocompatible adhesive, or other
30 methods available and known to those skilled in the
art. Following positioning of the capsule at the
treatment site, the insertion site may be closed or
capped to prevent introduction of extraneous material
to the passageway and the treatment site.

—————— e
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-11- the cells have expired, are no |onger functional, or

are no longer required to correct the defliZi ency di sorder. Retrieval
can be acconplished by neans of a bioconpati bl e, nonresorbabl e guide
wire which is 5 attached to the encapsul ati ng nenbrane.

I n anot her aspect of the present invention, t he encapsul ati ng

menbrane is in the shapeinfasothde,aspect o8 tdhd timveRRiionds thei ng cover ed

by renovabl e pl Qr. 10 caps. uch canstruct .enabl es .t he easy

repl acement ggéSPSE%?E%$'t ékf %ﬁﬂ#iRéi. ﬁaﬁhgehﬁﬁﬁ%aﬁg with ot her

i ke cells by wayodficehactieevieetbtaulien opdimiong®.g. in after retrieval from
t he subject via : i i :

Al ternatively, Fﬁgsﬁg%%ggﬁgg%% ??P%#ﬁéé¥%ﬁ%dﬁ%ous g%%é?ﬁﬁcrgggpsule or

m crocapsul e. °TRE§&VEapaGtes can be hprvastiqdddyaremevd@mcalatt desst ehat
extends fromthgortion 68PEKE Emediith tidasdVRiHARNE aTtalved chergth 20
sufficient to regch aﬂ | east fromthe Lreatnen§a§b%F - %ﬁ the proximty
of the insertioffsFPehagnReen jrrreted ingq if &, ePsPPsYi atRE cel
capsule itself thals. Altexdzniielahowhd lseniipeatisiailes inegbr@nee chhe

vehicl e caps - o} 't'%%g% i S t h 25

t r eat ment site,ﬁghgggé?ﬁgr ﬁ%yi en ggmiggﬁgé Z%%ﬁﬁé' Bl %Fﬁsertion site,
e.g., by sectPipgtive fecher Wweuldhehen be harvessed dye seParpéisgul | or
other bone and thé encaps®i&€éa e I PRt HeD rcldq u)S @bl qayss.'hge by neans

of surgic % stapl es, bj oconpati bl adhﬁﬁive, or ot her 0 net hods
avai |l abl e and kﬁ finct sYﬁ%%et%k?%qiﬁfq ﬁ%Fhéc ive TRGEOTEIM owj ng
positioni ng of tbeceapsated afotrhe treatnment site, the insertion site
may be cl osed or capped to prevent introduction of extraneous
mat eri al to the passageway and the treatnent site.

15 The inveéntion will next be described in

connection with certain illustrated embodiments.
However, it should be clear that various
modifications, additions, and subtractions can be
made without departing from the spirit or scope of

20 the invention. For example, the present invention
should not be read to require, or be limited to,
particular cell lines or a particle membrane shape or
material described by way of example or illustration.

This Sheet Has Been Repla
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-12- I n anot her aspect of the invention, the

encapsul ated, co-cultured cells can be usedto produce active factors
invitro, e.g. in a physi ol ogi cal |y conpati bl e agueous medi um The

5 active factor can be harvested by renoving at |east a portion of
the nmedium and isolating the active factor whi ch has been secreted
into it by the gpeapsglatffbtion ofAhsS pAEIJati vel y, the sem perneabl e
menbr ane can € designed to retain the active factor, and the 10
active factor would then be harvested by separating t he encapsul at ed

cells fromthe nmedium apge! ¥$¥éWtion itddlF IS WHeEMJre eyngct the active
factor in cQnce ted form ' ntion wll next

tr 15 . _The inye
be described i nYReeISteghn E?Tcﬁp%mﬁqgkﬁﬂﬁﬁﬂr?qﬁqﬁkﬁgﬁﬁ?e&%gﬁbSG?ﬂents.
However , 5 2OgtbRepresemt thevartompenying dtwotilngysndin hichkad to
require, or be limted to, particular cell lines or a particle
menbr ane shape or mat eri al descri bed by way of exanple or
illustration. WFDB/ 0b43® a schematic illustration of an

PCT/ US92/ 05390 implantable co-culture device forl¥Felivering active
factor, according to one aspect of the present
10 invention;

FIG. 2 is a schematic illustration of an
implantable and retrievable co-culture device for
delivering active factor, according to a second

15 aspect of the invention;

FIG. 3 is a schematic illustration of an
implantable, retrievable, and rechargeable co-culture
device for delivering active factor, according to

20 another aspect of the invention;

FIG. 4 is a schematic illustration of an
implantable co-culture device for delivery of active
factor according to yet another aspect of the

25 invention;

FIG. 5 is a schematic illustration of ad
implantable, co-culture device including a gel sphere
according to another aspect of the invention;

30

FIG. 6 is a schematic illustration of an
implantable, co-culture device including a coated gel
sphere according to yet another aspect of the

invention;

This Sheet Has Been Replac

M



o

Brief Description of the Draw ngs The invention itself can

be nore fully understood fromthe foll ow ng description when read 5
t ogether with the acconpanyi ng draw ngs t+h4whi ch: FIG 1 is
a schematic illustration of an i npl ant abl e co-cul ture device for
delivering active factor, according to one aspect of the present 10
i nvention; FIG 2 is a schematic illustration of an

i npl antabl e and retrievablrg.co- ¢sl ‘ausehému'tw iDIustratiiﬁiid/ierairﬂg active

factor, accordin cond ct . of vention;

FIG 3is a schelﬁ%? Y ?ﬁﬁsFPéFl éguﬁ? ﬁ"lce 1?%‘!“2 Htaut e, retrievable, and
rechar geabl e conmg:IrWIaesule adevirdénfgotodehoveer naspetl af or, according
to 20 another ;35Re¢k o@f. the invention; FIG 4is a
schematic illustration of an i mpl antabl e co-cul ture device for
delivery of acive factor according to yet another aspect of the 25
i nventi on; FIGEI & ib BSsehembefatirTlunsttstia ich aof an

ol antabl e, co-GuhyierdevEeecltehyl A8vECt nalRI gy sove AP UL 1O

anot her aspect o] e nvent schematic
illustration of compartmengg ancabiéngchocanether despect | 9| the ng a coat ed
gel spher e 3/ tdiong to yet another aspect of the i nvention;

WO 93/ 39 10 PCT/ US92/ 05390

FIG. 9 is a schematic illustration of an
implantable, co-culture device comprising a
split-wall capsule having two communicating cell
compartments according to another embodiment of the

15 invention;

FIG. 10 is a graphic representation of the
average potassium-evoked release of neurotransmitters
from approximately 200 medium density chromaffin-

20 loaded microcapsules/well after 1, 4, and 8 weeks of

maintenance in vitro; and

FIG. 11 is a graphic representation of the
average potassium-evoked release of neurotransmitters
25 from approximately 300 co-seeded microcapsules/well
containing chromaffin and NGF-producing fibroblasts
after 1, 4, and 8 weeks of maintenance in vitro.
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-14- FIG 7 is a schematic illustration of an

I npl ant abl e co-culture device including a macr ocapsul e according to
anot Her aspect of the i nvention; -155 FIG 8is a
schematic illustration of an i mpl ant abl e co-cul ture device including
several cell conpartments according to anot her aspect of the

I nventi on; 10 FIG 9 is a schematic illustration of an

i npl antabl e, copatdiled BREGE ptBR! b3l RedInventigR! i t-Wal | capsul e having
two conmuni cati ng cel conpartnments according to anot her enbodi nent
of the 15 invention; FIG 10 is a graphic

representation of the A mea%eﬁagerpahés&bnstﬁu@kederfﬁf&ﬁé&fﬁﬁf .
neurotransmnitter f prOXi el i um densi ty chronaf fin-
attive f c&%q]%g ﬁ?ggi d grget  region og

20 | oaded n1crocapsu|es ter 2 mai nt enance
in vitro; and 5 subject Sufferlnsl@momlansaatgvapﬁactwemmwgzbﬂai|on of the

average pot fissg(lgigﬁ\tﬁ@lé %I:ea%f%cm%hot 533831 &&eiSe f?1.25 from ] i
approxi mat el y cq-seeded, m croc ul con a|n|ng chroma

and NGF-produciﬁﬁaﬁﬂﬁfﬂﬁ\agp§ éﬁ g?“? bﬁenaﬁﬂVBs%%eks B% “mai nt enance
in vitro. met\WOP IM148@es providing active factor-

PCT/ US92/ 05390
Descri ption of t%uan%hﬁﬁ C§11s obtained from a glr?%oﬁo?oﬁet%

delivery of 10 providing augmentary substance-secreting cells

éalled
constitutive

obtained from a second source different from the
first source. These cells are most often of two
different cell types. The cells are then
encapsulated within a protective, selectively

15 permeable membrane or cell culture device, which can
be implanted into a target region of a subject or
cultured in vitro. The co-culturing of these two
distinct cell types has a synergistic effect on the
expression and secretion of active factor by the

20 active factor-producing cell.

The target region may be any part of the
subject's anatomy which responds to, and for which
increased levels of active factor have therapeutic

25 valid function. This region may be an organ, tissue
or any part of a functional body system, such as the
nervous system. Nervous system implants will often
be within the brain, as it is the source of numerous
neurological dysfunctions.
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active factor to a localized target region of a 5 subject suffering
froman active factor-curable deficiency or dysfunction, and a device
for practicing this method, have beér devised. The met hod

i ncludes providing active factor- producing cells obtained froma
first source and 10 providing augnentary substance-secreting cells
obtained froma second source different fromthe first source. These
cells are nost often of These encap&di&ﬂéﬁﬂcdxﬂdlﬁhwﬁgsnm}haecel|S are then
encapsul ated w ct | e t| vel rreabl e menbrane or
cell culture de%?%gssmﬁgw%g Mj efPS ?"F‘rpalr)@érﬁh«?c’f ﬂﬁg:hf tsé"lmﬁet region of a
subj ect or speaf ear 28 thevsmeeCHTun(nhxnhtuhamuynﬂ tichdse two

distinct cell '¥RBIaR@sad s¥Nehdy shif il [Rbloshiiditec, or cHURELEHAN and
secretion of active factor 20 active factor-pro ucin

The target re8i BROFBGThRE afydphferent (fRecies. ogee@@rdigNdedmy whi ch
rﬁSponds to, anghéPrmuhi B8 derived npf@aSaedodcﬁNeal@a@‘ whGoh @orakiialy have

t her apeutic

f t
or any part of 3%%%??0?\2&5&)5@“%@5;%‘#e‘g%c%c;%yrt ﬁ’gt Th Bug H‘@r’\;@:}z’sg;stem

Ner vous system supkhabsewih|l vi¥oen be within the brain, as it is the
source of numerous neur ol ogi cal dysfuncti ons WO 93/ 9
PCT/ US92/ 05390 These

encapsul at ed}8o- cul t ur esF#hyeparple, u%@ﬁ‘b‘sﬁ'@ﬁ‘fqtc?af’érm@élelrs f rom anot her
of the same pro§9§$h§5c6§1§ hensURi€Cthdd® \Mapﬁ‘amtriéexse@rz%th@.gbe

i npl anted, or the¥1 ¥ b éegogfem erC or By t hase f 7 5 anot her of a
di fferent speci 8§87 Rot @ gﬁ £ YGHEY V) 5’61 derived from a body
organ whi ch normalsé;xcephalosecnemasbbam:td adldr ldcteisve ofrach@ or an
augnent ary adPURS1 3ESuLPaY! VPn addition, adrenal chromaffin
15 cells, when isolated from the cortical cells that
secrete glucocorticoids, may differentiate into a
neuronal phenotype. Extensive neuritic outgrowths
from the isolated chromaffin cells is dependent on
the presence of NGF and/or other growth factors when
20 maintained in culture. These growth factors may be
provided by growth factor-producing cells such as
hippocampal cells, platelets, brain tissue and
endocrine gland tissue,.

25 In addition, any cell which secretes a
processable precursor, analog, derivative, agonist,
or fragment having the biological activity of a
desired active factor are useful. Such cells
include, for example, cells which elicit '

30 bromocriptine, L-dopa, preproinsulin, and the like.
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10 For exanpl e, useful neurotransmtter- produci ng cells

i ncl ude those dopam ne-secreting cells isolated fromthe enbryonic
vent ral nmesencephal on, neurobl ast ord’cell lines, or the adr enal
medul la. In addition, adrenal chromaffin 15 cells, when isolated from
the cortical cells that secrete glucocorticoids, may differentiate
into a neur onal phenotype. Extensive neuritic outgrowths from

the isolated chromaffin dalnthers @openeéds which haveéhkepnesence of NGF
and/ or ot her gr qyéret R 0Ns éﬁﬁ%eeregotBaéQ%?éQ§dab@1$Q|Ha’(r:ﬁ) r 1gse growth

factors may be rovid by growt h or - produci n such as
hi ppocanpal cel |39NF{A Y (SUDSFARCH - tP§sa§°ahItS: Pre@h§®@¥$ne gl and
tissue; 25 derivativds) addilbigen, oanfrﬁghénﬁbl€He§§§fe%§§c@-have

processabl e precursor nal.o derivative, agopi st, or fragnent

havi ng t he bi ﬁeosglﬂila an c%wv% £5Ftcgr o aﬁﬂ'@%??%?a%‘f?%ﬁa‘?%%t or are useful .
Such cells aqmoams &frer aéﬁ&anefud:eihspmhcthcnﬂ:g cthis

bronmocri ptine, L fdQRaidH e, ngulyin, I 9 439
bromocriptine, i o QRe,NsULI N, R8BENbEE, éil; al. (:u;sss)vﬁﬁO
Further, any celd%vim’ari4¥d -bedhus, in gepht 2R PPRTrRHGR neEh@Iene expr ess

active factor oOrhich emmmm@ya&gaéhaa@f s@ﬁs@&@é@ Sé8, a@mﬁélrlsors, ,
m/lar active

derivatives, .gngl ogs, or_ fragnments thereof which

factor or aug@e?t Toulfst 52’% analog 85t?5?‘f‘3‘/r5%?egé‘?g%oﬁs&%leﬁwer
practicing this lsolatam\femn enngsaee eedl, 1Rmsermbeu:<g1setnatte<1 I88) Sci ence
242:1575-1578) . Dmu%adﬁu%‘é‘i:*ioﬂn a@Héoé‘&He Lhe Of ncé!‘{(‘)k%&}‘a@élimdes the

augnentary substance or active factors or the 2ha 09 precur sor
thereof, is eitH&t® @ Plasgdpar @HlFPoﬁ?atWé‘EW% *é"e@’l‘sﬁ‘?%"eeq)rlfé*%ms*?truct ed by

DNA nani pul ati omosEheegan&oeaexbessheni nC'mE@Oc.E@IBQ whlch éiﬁ@e@s pl asmd,

which in tur tr f.ect into_a st cell, for ssion. The
cells which gf%ﬁ%l Fie %%ctor Oor augmen ary substance c neb

grown in vitro until a suitable density is achieved.

A portion of the culture is then used to seed the

implantable device. See, e.q., Sambrook et al.,

Molecular Cloning. A Laboratory Manual, Cold Spring
20 Harbor Laboratory (1989), herein incorporated by

reference for further discussion of cloning vehicles

and gene manipulation procedures. Examples of such

genetically engineered cell lines include

dopamine~-producing PCl2 cells and NGF-producing ratl
25 N.B8-21 fibroblasts.

Cells obtained from tissue sample may be
homogeneous, i.e., of the same cell type. 1Isolation
of a homogenous population of cells may be

30 accomplished by separating the cells of the tissue
sampled (e.g., by enzymatically digesting
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15 the active factor or augnentary substance can be grown in vitro

until a suitable density is achieved. A portion of the culture is

t hen 'used to seed the i npl ant abl e dggice. See, e.g., Sanbrook et al.,
Mol ecul ar C oning. A Laboratory Manual, Cold Spring 20 Har bor Laboratory
(1989) for further discussion of cloning vehicles and gene
mani pul ati on procedures. Exanples of such genetically engi neered cel

i nes include Aabai NEr 3 PC12 -C NGE- ucing ratl
25N 821 11 br ob] S O TU Iy RIARNIORG)T bR B80T RhEA 6 09 e
may be honBferikastiss qf @orpdlony safdogebiodgpécalsarbivahy.  of a
honpgenous popul@ip Bfo Xaldd R RehomodBnaet8NBbbalgdiby sepagdisng the
cells of the tissue . sqﬂPled gg.g., by enzymat|cally digestin

WD 93/ 9 in tissue culture need only be clean pCﬁ?é@@??@éBéﬁ m

- 18- 5 ntisr celded ghbcatthesidofispm aedltilem 8ebting t hem on t he
basi s of ‘norphol ogy and/or biol ogical activity. Cells isorated froma
honbgeneous popul ati on of cells in tissue culture need only be

cleanly separated from RegpnH&ss € §HBoFSUARE . f £B @BEMANRERTWebri s.

Regar dl ess of thgusotdnes-ghmrligiereany and theubgtamee- producing cells
and the active factor-secrethﬁ% cells.are pkgged into an 10
h

i mpl ant abl e, sel%&ﬁ?%&ﬂiﬁ?ﬁﬁﬁﬁﬁﬂﬂqg nﬁf&n@lﬁﬁﬁg ° anprotects t he
resul ti ng co-t@l inpkedtamealelsstledtdvely permenbdenmembranehwhiichses and

elements of the ,pgng s the arﬁ%h@:’l‘n%r c%t—la'ﬁ][ltEx?lat $-8mCAYh EQRRERLs Such

protection s particul, Jnportant for preserV|ng allografts 15

or xenografts wWeERFPUREEEY ehttinlMiFusessiedsr edepsnésgRt the 1BPEACI n the

"1 muno- pri vi | edgesitert egt Wichedf duleuredgnvironmeueh asuthepbb8ebtion

Accordingly, thei§€§%¥éqghf§¥f§ important for preserving allografts

15 or xenografts which are eventually considered foreign
even in the "immuno-priviledged® regions of the body
such as the brain. Accordingly, the membrane bars
viruses, macrophages, complement, lymphocytes, and,
in some embodiments, antibodies from entry while

20 allowing the passage of nutrients, gases, metabolic
breakdown products, other solutes, and the
neurotransmitter to pass therethrough. Any
biocompatible and nonresorbable materials having
pores enabling the diffusion of molecules having a

25 molecular weight of up to about 150 kD are useful for
practicing the present invention, with acrylic
copolymers, polyvinylchloride, polystyrene,
polyurethane, polyamide, polymethacrylate,
polysulfane, polyacrylate, polyvinylidene fluoride,

30 polyurethane, isocyanate, polyalginate, cellulose
acetate, polysulfone, polyvinyl alcohols,
polyacrylonitrile, polyethylene oxide, and
derivatives, and mixtures thereof being the most

preferable.

———— N

This Sheet Has Been Re

L



-

vi ruses, nmacrophages, conpl enent, |ynphocytes, and, In sone

enbodi nents, antibodies fromentry while 20 al l owi ng the passage of
nutrients, gases, netabolic br eakdeWd-pr oduct s, ot her sol utes, and

t he neurotransmtter to pass therethrough. Any bi oconpati bl e
and nonresorbable material s having pores enabling the diffusion of
nol ecul es having a 25 nol ecul ar wei ght of up to about 150 kD are useful
for practicing theTheesenl bﬁWEﬂféO@evﬂkéfmﬁﬁr&éi@ any shagpol ymers,

pol yvi nyl chl ori 0 yE ret ane, I ) d
polynethacrylat%%lcg bXﬁﬁ 8@8 8%8te gﬁya w?l€¥ ﬁ%?ﬁé?ﬂb?ﬁﬁ%ﬁﬁafluoride,
30 poIyurethaneen0§®@wéﬁ§?é, poﬂyahgchavellcabtu¢@@ee undue doswta,

pol ysul f one, poh%%hﬁ%hr@h%@ﬁohﬁp1antat189|y EYEQ % éﬁé%tiyéﬁﬁﬁgw'ene

oxi de, and derivatives, and m xtures ereo el ng e nost

pref er abl e. 5 varletmbp§3peggggapsu1es, mlcrocapsules,

PCT/ US92/ 05390 multicapsules, and multicompartmd®t capsules with The
cell culture deV|q6tn%%lﬁgke any shape which will accommopdate the two.
types of cells 6 encapsul ated, and which will not cause undue
traum upon surgical inplantation. Useful shapes include a 5

variety of nacrocapsulesOng1§§g@§p§thsfm?l F?ﬂyété&a@§iQ&¥é éHU&ce

mul ti conpartnment. capsul es w
preferabl e i i &% SHo¥ncADCEEBur & Hév?c%“b“1ief1@5%¢Eﬁwﬁ¢¥yFﬂ(3 1 |s a

tubul ar, sel ectipegimgable mepbraRabRE H’Sﬁbﬁ@nénciig h%Véde@dﬂ]r]cﬁlg}ﬂd 14
t hr ough whi.ch,active f r-secret ce and. augnent.ar
subst ance- pr odudiigH 3FF§V§7%8F °Fo§8888fh3% # 25 % ?ﬁhﬂ Wﬁﬁﬁ&16.
Ends 12 and 14 mwpsth@neberodu¢5npecahhenzvyaneclmmﬂmﬂvmmﬁncnﬂiﬂ 17 and 19
or, a'ter%% p%%k%en%ﬂ&@ a”Eﬁ89X¥29£#& P8 &Y Uesn %Y

n ?ypropylene

bloconpatlble a nonr esor babl e teri al
devi ce 20 Caﬁsb@eggpgﬁeﬁﬂyyoccluded with caps 17 and 19 or,

alternatively, with an epoxy glue or sutures of a

The

biocompatible and nonresorbable material like
polypropylene. The device 20 can be surgically
implanted into a region of the subject's body such

20 that membrane 22 1is in immediate contact with
internal tissues or fluids tissues.

The method of the present invention may

include an additional step whereby the initially

25 encapsulated and implanted cells are removed from the
subject in the event that they cease to produce
active factor or augmentary substance, expire, or are
no longer needed to correct the neurological
dysfunction. As illustrated in FIG. 2, retrieval of

30 implanted co-culture device 20 is preferably
accomplished by means of guide wire 18 which is
permanently attached to end cap 17 or 19. This wire
may be constructed of any nonresorbable,
biocompatible material with enough tensile strength

35 to support the cell culture device.
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I nplanted into a region of the subject's body such 20 that nenbrane 22
Is in imrediate contact with Internal tissues or fluids tissues.

"The et hod of the present invention nay‘zo‘ i nclude an additional step
whereby the initially 25 encapsul ated and inplanted cells are renoved
fromthe subject in the event that they cease to produce active
factor or augnentary substance, expire, or are no | onger needed to
correct the neurol ogi calThe celldisfrumoinitemtsAofi thestieuied mayFb& 2,
retrieval of | ferably
acconpl i shed by %@gﬁ%ﬂ%?ﬂ{ﬁﬁl Qﬂ&#l qgﬁﬁﬂq& q% %@sa§a8ﬁ§ ggnently attached
to end cap 17 Ogeq@pquﬁ5£%@,4§v1ce afi@r bésc6ﬁ§ﬁﬁ8€?éd o$ any

nonr esor babl e, exemplﬂﬁ(&mtdﬂﬁﬂ@@’v‘ﬁﬂe wiot BserQuIint gRs&t ecshgengt h

35 to support_the, cell, culture device. 93/
PCT/U892/05396 is metho A is shown in FIG. 3. pga}ce 3071is The

cel lul ar contentmbuﬁankuhakﬂnqxenﬁmyIQEand 14 mepbasédlyncoheredent that it
is desirable to, ' gant Vi t t§2r§£5| yal . A
cutftur Cg}ew 3%‘1 usegﬁ fcﬁt%fd % g g

exenpl ary cel | pract this method is
shown in FIG SYGW%@’%‘U'l sto e“ablt%liﬁleatex*:ﬁ&\‘?ltﬁ@neﬁﬂ@ 12 and 14
reversibly COVef@@lacemenﬁMdﬂ" dequ%vantsl def mlvctlmoaefmt teflpsaphert apd 24,

respectlvely nabl e t extr ti.on .and g cenenﬁ of cells 25
and 27 in cet eﬁ%ﬂnﬁﬁ Qﬁtﬁ$eh3& E&M ?Héga86'&% 30 can be
surgically 1mplﬂntaﬁexhhanuhaIhrdﬂnawd of sabgebjtestichuthathatigei de

wire 18 is | ocapers dig ool |induley diieclyl ekl cne epithssygs of the head,

and nenbrane 22 1s in ime brain tissue. 15
Anot her enbodln%h%s%ﬁStQQaqnﬁMQRQQN1qn§ §ﬁ€Wﬁane 22 ispip| gnmgdighe cel
culture device 46ntaet udiash brain tdapsid.e 42 filled with at | east one

augnent ary 15
Another embodiment of the invention is shown

in FIG. 4. The cell culture device 40 includes
capsule 42 filled with at least one augmentary
substance-producing cell 26 and at least one active

20 factor-secreting cell 27. 1In a preferred embodiment,
the macrocapsule 42 includes a tether 44 or rod
extending from and integral with the capsule. The
vehicle further includes a permeable, semi-permeable,
or permselective membrane 18 surrounding the

25 macrocapsule 42. The tether 44 is generally
constructed from an impermeable membrane material or
may be coated with a material which makes the tether
impermeable. In one embodiment, the impermeable
protective barrier material may coat a portion of the

30 outer membrane of the capsule. Exzemplary protective
barrier material includes polyethylene oxides,
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subst ance- producing cell 26 and at | east one active 20 factor-secreting
cell 27. In a preferred enbodi nent, t he macrocapsul e 42 includes a
tether 44 or rod extending fromandli-ntegral with the capsule. The
vehicl e further includes a perneable, sem -perneable, or

pernsel ective nenbrane 18 surrounding the 25 macrocapsul e 42. The tether
44 is generally constructed from an i nperneabl e nenbrane material or
may be coated wgdlyproply@end oaiidels,mekescbhe hgdhegels, and nperneable. In

one enbodi nent, jhe inperneabl . r ctiye bayr] tieri al may coat
a portion of the erlvf?(rj’mlc’}'u Se(r%nr%eerlr‘%rxgﬁéegf gﬁﬁégggbsuﬁé.éﬁ%{%lgy protective
barrier materi alapprdaiddedodihgdt leesemdpedmeable membrang M@y OHRrED

PCT/ US92/ 05390 alht Jnative shaé:es tha(tj;ew.ill accéhmodate the RO&YDE opyl ene

oxi des, silicon, ye rogel s, an rivatives_and m xtures fhereof. It
shoul d be 5 Fite @St SO IRFEMIE +s @nPPSLRBabPE - nBADF an®® MaY! hRte
alternative shapeibdd®t Wil accommodate the cells 5 such as, for
exanple, a hollow rod, sack, or nultiple fibers. The
outer nmenbrane may be a polynmer materi al and may include a

surfactant, an anti-infl &heatoorter mempragenmayahgi agedi¥meachdE8riahd/ or an

anti - oxi dant. and mdyf IREGdd G 1HNRF Rt PRl YERI antULE AE Y Afhat OF y Ot her
additive will_depend on the materi ulated_apd the

faI to be encagzsi a
confi gurati onl®f 29 £ @NUQIIC £actorsy, AnGLOTERBAPEFyORACP Fnf | ammat ory
agents 15 i nctiveles maxr it £l icoi thep es Loch pard yoeert, | soméaghdnBCTelr other
dexanet hasone, c { sala Jdter %{ -dn rls Tateddy to pel t'S receptor
ant agoni st s, andgélélit?]boe(ji es fod d% to | E i ang to .
i nt er f er on- ganmeenEaRpl A ANG ddramanfiguratiing) adetkPi ERIXS10D (Sigma
Chenicals) and Py opi€ss. b rPIht iancRbémakyepbaeytant i - oxi dants
i ncl ude vitamn Céasc,orbjg aci and vitamn E.
15 include corticoids such as cortisone and ACTH,
dexamethasone, cortisol, interleukin-1 (IL-1), and
its receptor antagonists, and antibodies to TGF-8, to
IL-1, and to interferon-gamma. Exemplary surfactants
include Triton-X 100 (Sigma Chemicals) and Pluronics
20 P65, P32, and P18. Exemplary anti-oxidants include

vitamin C {(ascorbic acid) and vitamin E.

In the event that the supply of active
factor or augmentary substance is spent, (e.g., cells
25 responsible for secreting such factors have expired
or are no longer productive, or are no longer needed
to correct the particular dysfunction), vehicle 40
can be removed and replaced. Retrieval of implanted
vehicle 40 can be accomplished by pulling it out of
30 the treatment site by its tether 44. One way to
effect removal is to use a pair of forceps after
exposing the tether 44 by removal of the cap 62. Cap
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In the event that the supply of active factor or augnentary substance
s spent, (e.g., cells 25 responsible for secreting such factors have
expi red or are no | onger productive22er are no | onger needed to
correct the particular dysfunction), vehicle 40 can be renoved and
repl aced. Retrieval of inplanted vehicl e 40 can be acconplished by
pulling it out of 30 the treatnent site by its tether 44. One way to

effect removal s hRAWIR elo@@ltreaohlf:eéeepsuﬁéésrthe patﬁé@@ss ng the tether

géT?ﬁSggyggggoo%g¥¥%éiﬂ%l %1ssues The vehlc?ezéo may be reQ$§%%% be

| ocat ed direct!| withder ntelve ipgeiréntinsthe eveﬂplth@tl&dditﬁ@M@B The vehicle
{0 may be €Dl Gilrapy 1tk (A8 | R9RELILD, [0 Y SMcLhal1 a0k || onal

therapy is re ui T ed. I"'s encapsul at ed I'n capsul e 42
can al so be ré Midhda &?Pﬁéﬁﬁvﬁﬁgcan als@ab%u?%tHQEVGG by removing  The

permeabl e porti gags®i® 42capsul e 42) of vehicle 40 is inplanted at or
near the target 10 treatnment site 12, while the inperneable portion-
(e.g., tether 42) confines the neuroactive factor to within the

boundari es of the |nsertThEh@epmembablgortlon perglpncapsmndeQZh @bl yneric
mat eri al havi ng cylLar.s @ ng a particul ar
J%ﬁ ofﬁf 1H§18%%EP gL Br hé?r tné: ta?@%&

15 nol ecul ar wei exc ules from
passage thereka&ngytmamhIs;tﬁeﬂﬁltwhﬁ@e the 1mherm@s§hgep@ttb@ners In this

way, the diffusi@nqof, tethernQQﬁohbﬂ@§HbEt%Eefﬂ@ﬁ%é@@ti@@ef$c€@rt@@
is a e passa

t r eat ment Si e of | arger
del eteri ous eIeﬁEﬁ%E‘%J$ﬁ §QUW%FG§§§ °élﬁh8r1§§%9 Th% ¥%ﬁ%ﬂfe
conponent, and qmuﬁﬁnun[nnnhumﬁssal@olymerlefmetéryelyhamxm@dpofas ekanpl e,

vehicles with pgggﬁ% Eﬁﬁyﬁ< %h@% HB|ECH59% §B£g€£ﬁ€§8uy§£0n of from about

25 kD to aré uséefur avin
15 molecular weight cut- off) that excludes some

molecules from passage therethrough, while permitting
the passage of others. In this way, the diffusion of
neurotransmitter from the insert to the treatment
site is allowed, while the passage of larger

20 deleterious elements such as viruses, Clq or C3b
complement component, and various proteases is
effectively barred. For example, vehicles with pores
having a molecular weight exclusion of from about 25
kKD to about 300 kD are useful, with those having

25 pores with a molecular welght cut coff of from about
50 KD to about 200 kD being particularly preferred.

Other aspects of the invention are shown in
FIGS. 5 and 6. In FIG. 5, hydrogel or alginate gel
30 sphere or microcapsule 50 encapsulates the co-culture
therein. The gel microcapsule 60 in FIG. 6 is coated
with a membrane 29 of, for example, poly-lysine or a
thermoplastic material.
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25 pores with a nol ecul ar weight cut off of from about 50 kD to about

200 kD being particularly preferred. O her aspects of the
i nvention are shown in FIGS. 5 and-$z3-1n FIG 5, hydrogel or alginate
gel 30 sphere or mcrocapsul e 50 encapsul ates the co-culture

therein. The gel mcrocapsule 60 in FIG 6 is coated wi th a nenbrane
29 of, for exanple, poly-lysine or a thernnplastic mat eri al .

WD 93/ 00439 5390

- 23- The ScSocGPEEvES Jight a?]tteergrzl‘g% ‘?U%g%{\‘v gbe &t

ext ruded nacroc§ﬁ§6P§e¢Om§ﬁ6ﬂﬁaPﬁuF¢67075@@Wn in F¥Rd t7 mecr ocapsul e 80

shown in FIG 8multitRes8capsuleafbeshswRlid Nerd Nventipn. ei&dd s 25 and 27
are 5 encapsul at ed mnth n a sen1PerneabIe dﬁglynerlc menbrane 31

by co-extrudi ng28Re55§e8bst @IP“"e“t ORusPRhst AP AP 2DAFAEri c sol ution
t hrough a comSoencapsulptet wmthmnnaasém&pﬂrmédbxé tpdyed r i@xt r udat e havi ng

a polyneric OUtﬁ%m%Q%E'n§l3%K“@bCFf€H&§ﬂ§¥ es 4 Ss cd cel | suspension.

To prepare such a veéhicle susp JeHsT o an he pol yneric
sol ution may beséﬁpﬁﬂééén and ath@bmmﬁw¥ﬁcﬁnﬁnﬂnqndﬁhknunhrnNQOMan ng at

| east two @9@0%@ Eb@mer%héH?@aﬂ&t 1 5B leUSRENS Hhvihg

ext ruded throu I nner bore and the polyneric sol ution |s
ext ruded througﬁ PHgYHGFéF BBFEr §pating 31[ﬁﬂ%ﬁﬁﬂﬁ?§%ﬂﬂ%ﬁﬁ§ﬁ? dd&gul ates to

forman outedo cell saabengioAs the outer coating is fornmed, the ends of
20 the tubul ar extrudate can be sealed at intervals to define a
single cell conpartnment 16 (FIG 7) or multiple cell conpartnents 16
connected by polyneric To preppke Syck A elgicle, the cell

suspension and the polymeric solution may be extruded
through a common extrusion port having at least two

15 concentric bores such that the cell suspension is
extruded through the inner bore and the polymeric
solution is extruded through the outer bore. The
polymeric solution coagulates to form an outer
coating. As the outer coating is formed, the ends of

20 the tubular extrudate can be sealed at intervals to
define a single cell compartment 16 (FIG. 7) or
multiple cell compartments 16 connected by polymeric
links 37 (FIG. 8).

25 In yet another embodiment of the invention
shown in FIG. 9, a vehicle 90 with an internal
partition wall encapsulates active factor-secreting
cells 25 in a cell compartment 46 separate from cell
compartment 48 in which augmentary substance-

30 producing cells 27 are encapsulated. These
compartments are surrounded by a common outer
membrane wall 31, but are also separated from each
other by, while communicating through, semipermeable
membrane 52 through which augmentary substance can

35 diffuse to stimulate active factor-producing cells 25
to secrete active factor.
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25 In yet anot her enbodi nent of the invention shown in FIG
9, a vehicle 90 with an internal partition wall encapsul ates active
fact or-secreting cells 25 in a cel+2g¢onpartnment 46 separate from cel
conpartment 48 in which augnentary substance- 30 producing cells 27 are
encapsul at ed. These conpartnments are surrounded by a common outer
menbrane wall 31, but are al so separated from each ot her by, while

conmuni cat i ngbt hr ough, semapewg@ﬁ@g non—liﬁ@{@%ﬁnﬁi’é@?@%é’mi ch g
augnent ary substance ¢ 3 i se t tijnul ate active factor-producing
colls 25 FRUT i usseircpraketred featiidyobine's

PCT/ US92/ 05390 invention. These examples descrizmg the ability of a The
fol l owi ng device iRYAOREAS H0EE-culturd Wi yldééi déac%kﬁteoqtgﬁfefnr ed

features of the i nventi on:  These exanpl es descri l'ity of a
devi ce i ncl udiPn§®a 180 CCureRigdoFitR PRt RGF ciR RAS 0% cell F¥R8 | s co- seeded
with an NGF-rel eagiapgudakkdt ¥pehin sel@Pehpsly apethadite MiselRhet) ¥

perneabl e mcro r es, Lo rel ease the cat echal am nes
Gopamne. - CHE0BEEnes o RETBASA Et e R FREfen il AL,

invention i s nomorepineghréneheand| epiypplr tescr ikweever J(EHis t hese

exanpl es, nor tqnLBati¥RC i nshapentlea to tiE! &L Vi)Yo PHLEAD R grENDr ane

system descri_bed. For exanpl e, extruded nmacrocapsul e devi ces havi ng
one or Lori@ tbesec6RpRPLRENt BOGr &0 HRE UHERE R \E13P& L L oat ed

and uncoat ed m gkedezipiwvedy. permédble membrane system descrilieal] ulRyr
Prepar ati ons

. S i boyvi adre chromaffin cells
20 were isol at e(?xgénp&eeécref{t%éad% %%ﬁg‘%%gse P%I&ev(ﬁc.:es %gvﬁf%lo.n fem (1984)
259: 1114-22) an@osggeeldt campggtments aperbeylvded (A99031 1 RHIPIAEY . The
cells were avl ihabrRedal Ribrbbesseiss modi fied Eagle's medium
15
EXAMPLE 1

Cellular Preparations

Dissociated bovine adrenal chromaffin cells
20 were isolated as described by Pollard et al. (J.
Biol. Chem. (1984) 259:1114-22) and Sagen et al (J.
Neurocytol. {(1990) 19:697-707). The cells were

maintained in Dulbecco's modified Eagle's medium
(DMEM) supplemented with 6% fetal calf serum (FCS)

25 {Gibco, Grand Island Biological Co., Grand Island NY)
at 37°C in a water-saturated, ambient air atmosphere
containing 5% CO;. Approximately one week following
the isolation procedure, cells were harvested by
aspiration, collecting the supernatant and

30 centrifuging at 800 x g.
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(DIVEM suppl enented with 6% fetal calf serum (FCS) 25 (G bco, G and

| sl and Biological Co., Gand Island NY) at 37[err]Cin a

wat er-saturated, anbient air atnosphere _,5_ containing 5% CO2.

Appr oxi matel y one week foll ow ng the isolation procedure, cells were
harvest ed by aspiration, collecting the supernatant and 30
centrifuging at 800 x g. WD 93/ 00439

PCT/ US92/ 05390 The

. . - 29-
fibroblast cell Iine ratITh§ §iREgPIast cgdlodipg) Fotholr i %8St hr ough
i nfection with ageneticaldty ovididfliedethgougbntiafechgonheittbuse nerve grow h
factor (NG-) cDNA l%}gr e ) : I i - 34-45) . The
clonal Iine desi ntI(ate Iiaalt ltve@tor( %%%32af?q\\{\1/§stﬁgi ﬁ?gﬁﬁlggé?ﬁgm%
suppl enent ed wi tfFeatoes (NGF) cBYA;{§herit] eXedlf-0(18803eBEY@Y- with bovi ne

chrorraffiEBTXeImQahtcﬁr ir.$yal4~}‘4rs%mtg?&uelagb&genel desighasks bycl .
trypsin- treat t. e ratl .N &- rel easing. cl o ce

line was previ o§§15{}%s§’aﬁ§eg‘alnttaln8§ R B ASPBBPIﬁT“ﬁﬁgeén‘g”fx{ﬁeP@%ﬂ cul ated
rel ease of FOCR a1 tlias zeg/ £65 cel-sskldug. wihb biFinel eased by

the ratl N.8-21 :CH?@A el 1. Jylne S : 1O | |y active
by its ability t%l n ufc%%né:uelrlil'lt%i gwﬁrlgg}e@f’égs?gﬁg H\sts:g{at%‘?g%&%édz cells.
Encapsul ati on Priokashf &y tryps@n-EDTA tregfpgpsffi AheerpsliM.85dl [err] DVEM

\z\ﬁrle ol Hi“ﬁw c!renre)a&%g[ erlro]na_a%(ew]{lvxihgow%ﬁiéodwm@l Q&ii%%}%d

el co : cao, t ,a density o n X

desi gnat ed | ow, e’f*&d’irh%hzf%d thchp1que’ and, ggﬁeEf‘?%F?&%h?%ﬁ%%e%é ng

condi ti ons consiN@Rgasf 165 25/409 tefldsrhovel.| sThe NEFtheleased NoB-21 with

3 x 10[err] theeldty/ M. schnomabhian eelhhs 19hxedakNskafinl €5 be _
Matrigel[err] orative Researc exi ngton, MA) suspended in

. (Gol I ab he L _
800 [err] 2% i st Edilymesttdivealy. 1hht PP@&FF& p, igduceé neuritic

15 extensions in cultured PCl2 cells.

EXAMPLE 2
Encapsulation Procedure

20 Chromaffin cells in 250 pl DMEM were
suspended in 800 pl 2% (w/v) isotonic sodium alginate
{KelcoGel HV, Kelco, NJ) at a density of 2, 5, and 10
x 106/ml1 designated low, medium, and high,
respectively. The co-seeding conditions consisted of

25 2 x 106 cells/ml of the ratl N.8-21 with 3 x 106
celis/ml chromaffin cells mixed in 250 pl Matrigel®
(Collaborative Research, Lexington, MA) suspended in
800 ul 2% isotonic sodium alginate. Matrigel®, a
hydrogel containing laminin (7 mg/ml) and type IV

30 collagen (0.25 mg/ml), was used as a substratum for
the fibroblasts. Microbeads of the cellular/alginate
suspensions were formed by syringe-pump extrusion and
gelled by immersion in a mixing 1.0% CaCl, solution
in physiologic saline at pH 7.4 (5 min). The
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hydrogel containing lamnin (7 nmg/m) and type IV 30 collagen (0.25

mg/m ), was used as a substratum for the fibroblasts. Mcrobeads of
the cellular/al gi nate suspensi ons _\Qﬁr_e formed by syringe-punp
extrusi on and gelled by imrersion in a mxing 1.0% CaCl [err] solution
in physiologic saline at pH 7.4 (5 mn). The WO 93/ 9

PCT/ US92/ 05390 - 26- cell -1 oaded
gel | ed beads were washed twice with 25 ml of 0. 85% NadCl buffered to

pH 7.4 with 2. 5584 HPeEgied gelled beads were washed twice with 25 ml

(N-2- Hydr oxyet hyt 0 pEFaNaTT Nmf%e&te}martestgiﬁf gniuCwaghd2 . 5mM HESEgMR, St.

Loui s, and CPce i h0 l850/ CI/H IEE ﬁf a A 0. 05%

sol uti on of pol VST Tqu é‘ye Y P(llﬁﬁr?glé’g 2-§ ﬁﬁ?s]’ B" é%‘yaf\b , pH
7.6, was Sioyted, tSE t Heowiad | Nm)spamdedthleeadscandnrr{)xéﬁl %for m n.

Washes of 0.85% W@ﬁ@%@l—é o4 roe o2l sQ¥ed i on £ ngngg?a %I n 0.15%

sodi um al gi nat e beads “wer e “was PES pH

7.4, and an (Mw 3ft7 38 . - |Se}>a@ra>of1rp<9| Bof%- MaElmePHnd- & g¥Aft e was
added as deSCf'é}ﬂ!E@hﬂyQ:heprdélfl lst sPERAIBA Be@list BAG mizedbeadseto 50 mM

sodiumcitrate for 5 0 i e p ed a at e The
m cr oencapsul at®Btt- ‘q%sqiﬁrﬁ é’ré G- Cl# cé‘alcsv\%gl?é:lgvﬁghgdg %%5‘8 %@/o
NaCl / HEPES pH 7by iammertsfiose im Cc.ord@ tsodiiech elgtiineee for Srmdna bBher e bei ng

placed in thf Y tvﬂ:rre shed in NaCl/HE@&%r gﬁ' qakel ¥n§0$ Cel | -1 oaded
m cr ocapsul es per vﬁ wer e placed in 1 ndividual wells of a 24

mul tiwell ti ssu@iii:lﬁlt%%l plagter (falrediy-dedypine and ghgippbeatithe anal ysis
was performed bygdemn- ars':udescnbed e\berveq maw RooBxzpeEhieenBpcenki quid

25 mai nt 4l ned (ReRAS  SthaMBen 33738 €67 5 pifr ERafREI €6 P om each
group were neasthedcmitdpred alginmairephoifiber md canahygspsudgseém ( CUE- 2
Q ynpus Corpls chrornaf!“ﬁLkI{3 éﬁq(\se%rel\lwa'shed twice in 0.85%

NaCl/HEPES pH 7.4 and twice in conditioned culture

media before being placed in the incubator.

Approximately 200 celli-loaded microcapsules

20 per well were placed in individual wells of a 24
multiwell tissue culture plate {(Falcon 3047).
Catecholamine analysis was performed by ion-pair
reverse phase high performance liquid chromatography
at 1, 4, and 8 weeks on cell-loaded microcapsules

25 maintained in vitro. The diameters of 20
microcapsules from each group were measured with a
morphometric analysis system (CUE-2, Olympus Corp.,

Lake Success, NY).
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-27- In Vitro Rel ease Kinetics

Basal® and pot assi um evoked cat echol am ne-27- 5 (neurotransmtter) rel ease
profil es under static conditions were determ ned by high performance
liquid chr omat ography (HPLC) with an el ectrochem cal det ect or
(LCEC). Both basal (5.4 mM K+) and pot assi um evoked (56 mM K+)

rel ease was neasured by 10 anal yzi gt d e r]|1 0.29 nmM ascor bat ed HBSS
I ncubati ons for 15 mn each retreted wW_{.h err]l of 1.1 N HC104
prior to colum injection. eiﬁlre‘éﬁ%%g Kme%lé: romaffin cell -1 oaded
m crocapsul es and the co seeded nicrocapsules were al so chal | enged

with 1 15 mMd-anphet gng sy ng%EQEEQuQ‘Bg%Hé'@%aEé‘&éﬂﬁln?ro

conditions after being malntaine The
same wel | s frdm@esrohremsmidter) relepspenrefiijestupdentsrbi@r tine. The

HPLC system corﬂmﬁ'o?ntsedlecife %e%@%llb[eer5}%&5%&%::@&&@%@@@ em
20 (Rai nin Instruynment

: MA) |
rever se- phase- Hﬁhﬁ?mﬁﬂQ%ﬁ?PhthH5L€§UV6$HeﬁP electroghemigat: r ode
el ectrocheni cal diafertionr (LEBL). BothBedkald(SM\)mopetptasdat 1.4 m/nmin. A

0 e o UGlocassipnllerFASh R3BPYE 45 LELECLEd, 00! RoddiFes! g, The

25 nobi | e phase con al ned or oace /[liter
EDTA, 300 ng/3Q tae'ralbéqatrmwé@umﬁoﬁl é%9amMdascorbated EBSSeinmHtians pH of

3.0. for 15 Mi% GRRTERDreRirkaReaf wﬁehesblop@raﬁweﬁ 2 ne133P
sel ected netabolites was d ternlnechXO% npié n@ é gfak hei ghts of
serially dilute®SdS & WP f Tedtym d¢Rstt¥ echol ani ne
detection limt afrdieffin celdrlomdedgmaphocapysies as@dtveas 15, 12 and 10
pg for dORAM NG defd i cHIAPRNINERCWEEE! 4158 Eh IPI ERIOERN L NE
15 mM d-amphetamine sulphate in HBSS under the same
conditions after being maintained for 4 and 8 weeks
in vitro. The same wells from each group were
repeatedly stimulated over time. The HPLC system
consisted of a Rabbhit™HPX solvent-delivery system
20 (Rainin Instrument Co. Inc., Woburn, MA),
reverse-phase-HR-80-column, and a Coulochem
multi-electrode electrochemical detector (ESA,
Bedford, MA) operated at 1.4 ml/min. A 20 ul aliquot
of each sample was injected onto the column. The
25 mobile phase contained 14.2 g/liter monochloroacetate,
37 mg/liter EDTA, 300 mg/liter heptane sulfonic acid
and 3% methanol at a pH of 3.0.

The concentration of catecholamines and
30 selected metabolites was determined by comparing the
peak heights of serially diluted standards run with
each assay. The catecholamine detection limit of the
chromatographic system used was 15, 12 and 10 pg for

dopamine (DA}, epinephrine (EPI), and norepinephrine

35 (NE), respectively. - iy
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35 (NE), respectively. WO 93/0 9

PCT/ US92/ 05390 - 28- Two
wel | s from each group were sacrificed at-28- 1, 4 and 8 weeks, and the
remaining wells after 12 weeks in vitro, for norphol ogical

eval uati on. Cat echol am ne rel ease was expressed as either the 5
average release/well in ng/15 mn for statistical purposes or as per
capsul e (pg/capsul e/ 15 MMy wells 2RLAI QSth¥ %!'x@éf@ é@é@iff@é@%' am ne
rel ease by t he nunber of mcroca sul es Mean and
standard errors bof 4 fdhdaeeks, apg E 1 fe%%’é“&%ll%%]r%ﬁ e%if‘F%F ¥ach time
poi nt and ViR, i iistit diohe fexcaptbRologithe evabusitséni bution of

the cell -1 oaded cracapsul es aj red stude S s used for
statisti cal anal‘%/n’stiesQn ala“ilbne re-li Easklvas exgﬁgs\/\% a?oﬁ%}\}\%%g&f%
encapsul ation 5 averqya)amﬂwase/tmellponasgi/@lm svokEdr catethot dmehe rel ease

profile fromfou %%pear edp% yetrh c%?:%thwel(bg/caps%f@ﬁ% i gL Ay approximately

300 n1crocapsu|es very siml served with the
medi um density obtainaf diaidividdag tP&ééIeBaFr?EP%ﬁfﬂéﬁ?eée%ﬁ’@ 1130) The

quantities of NEy&ldunmasWRGhicabsiRedzaetased in a pattern
simlar to that which occurred in the medi um density chromaffin

m crocapsul es. At 4 weeks, 25 a sharp decrease in the EPI output was
seen, in l10contrast tMearhenieditemidedseryochr ofmfhénmean

mi crocapsul es (H fa‘ﬁt: é\})) v%: r P é’ﬁ%’at'éa:(f\%‘i\each tifl6t §61RE kAgonly 2 of

the 4 wells sti gnificant increase in the

quantity of 30 Ppart H r@%é@‘é‘&%&@%ﬁeﬁ@dﬂFBrﬁiisFﬁlﬁ"ﬁé@Rsof n

the cell-loaded microcapsules. The paired student
t-test was used for statistical analysis.
15
One week following the encapsulation
procedure, the potassium-evoked catecholamine release
profile from four wells/group with each well
containing approximately 300 microcapsules appeared
20 very similar to that observed with the medium density
chromaffin cell loaded microcapsules (FIG. 10). The
quantities of NE/well measured over time decreased in
a pattern similar to that which occurred in the
medium density chromaffin microcapsules. At 4 weeks,
25 a sharp decrease in the EPI output was seen, in
contrast to the medium density chromaffin
microcapsules (FIG. 11). By 8 weeks, EPI was
detected in only 2 of the 4 wells stimulated with
56mM Kt. A significant increase in the quantity of
30 dopamine released was observed from 1 to 4 weeks in

This Sheet Has Been Replaced

T




WO 93/ 00439 PCT/ US92/ 05390

- 29- the co-seeded capsul es and renai ned at that el evated

level "up to 8 weeks in vitro (FIG 11). Q@@gr static i ncubati on
conditions, treatment with 1 nmM d- anphet am ne sul phate i nduced a
significant increase 5 in the output of NE and DA, as conpared to basal

| evel s after 8 weeks of maintenance in vitro.

EXAMPLE 4 Mor phol ogi_cal Anal ysi s At
sel ected tinmes ntR%otdpiefisd eARSYLesdnd rem@ﬁ“§d4qﬁp5PéFoP%ﬁVééﬁ9de 0.5%
gl utaral dehyde levelsohpiti®rg ween@dn mmhgsmlerace buff.er edasal seet{ £BS),
and dehydrated u 9% et | uti 95% et hanol and

t he |nf|Itrat|onPs% u ?d%§o 1th% %r%% Pﬁa &Pe (ﬂﬁstore3|n

Rei chert-Jung f of-Taphetynine summsuer dmdpcel msmexfzaddedmoreaee

speci mens 10 3 in thdWiitpfliidt Wi lddla’ 8, 0BsS@bb5PBar €8] BeEdat he 1.1

m xture and remaj ned_ for at Ieast hour s peC|nens were briefly
rinsed with the E#PebRli#gter w%ﬁﬂ%ﬂﬂfoﬁalﬂFﬁﬁéﬂéﬁréa ¥atepat nolds, and
enbedded in gl ycol methacrylate. Sections 5 pmthick were
sectioned (Reichert-Jung, Supercut m cLg. 2050) , nount ed on gl ass
slides and stained for N ssl 25 subsStarice wrth cresyl violet. After 4
and 8 weeks in vitro, the pMslrahiodeghicgladdapusiern of viability in
the medi um depgity chronaffin cell-| oaded m crocapsul es was visualized
by si nul t aneous stalnlng th flyorescein diacetate (FDA) . and
p?opldlun1|od|de (P s?ﬂﬁ?qﬁd §&§ﬁ§n@FSHQCPP5H9§§CHgFFn%1§%¢iod with
approxi mat el y SOineéI4%cpnkxfdnmammquaeesOmﬂkeglutaraeﬂaﬁyed to morking
23085) *33: 7. 9, SE1RELRY AR I prosppdte biecEkEh? bose

of fB d wer e

(1985) 33:77-79). n1crocapsu
and dehydrated up to 95% ethancl. A 1: 1 solutlon of

15 95% ethanol and the infiltration solution of glycol

methacrylate (Historesin, Reichert-Jung for Cambridge
Instruments) was next added to the specimens for 1
hour. Pure infiltration solution replaced the 1:1
mixture and remained for at least 2 hours. The

20 specimens were briefly rinsed with the embedding
solution, transferred to flat molds, and embedded in
glycol methacrylate. Sections 5 um thick were
sectioned (Reichert-Jung, Supercut microtome 2050),
mounted on glass slides and stained for Nissl

25 substance with cresyl violet. After 4 and 8 weeks in
vitro, the relationship and pattern of viability in
the medium density chromaffin cell-loaded
microcapsules was visualized by simultaneous staining
with fluorescein diacetate (FDA) and propidium iodide

30 (PI). One ml suspensions from each time period with
approximately 50 cell-loaded microspheres were
exposed to working solutions as described by Jones et
al. (J. Histochem. Cytochem. (1985) 33:77-7%). An
average of 10 microcapsules/time period were
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- 30- evaluated first for Pl (nonviable) and second with FDA
(viabie) using a epifluorescent m croscopsp{ Zei ss I M 35). For
ultrastructural obser vat i ons, m crocapsul es were fixed in a 3%

par af or mal dehyde- 2% gl ut ar al dehyde overni ght rinsed in 50 nM PBS,
and processed as descrl bed by Wnn et al. Bi oned. Mat. Res,

(1989) 23:31- 44%‘,'3%1%;:35%9 %ECH’P mg&ivelaablﬁs)h r{%%%/%oltrlgslggie old's |ead

citrate and ura acetare an
transni ssion f@AeI(ecabéﬁ) mlem@c@p@lfluorescent microgappend Zedsseeded
i crocapsul es, iRk, roBeHibkest MR AP RiyEKk At die | T ght i croscopi ¢

| evel extendl ng fromthe chroppffin cells after. 4 15 vitro.
In general, the™REIOREPFIACEYPES ahtked in 3 &%@%ﬁ%‘&ﬁﬁdﬁe r emai ned

| sol at ed fromsorze glutaaamabﬁydeeswmlgﬁt,f Irbxrmi]idas‘trs 5em #BSq @lmsier ved

after thefourth vveek { f | asts were
observed to be FA°CHES v CI m?égQ?ﬁ?&iM r{rPe?t'[ err] WT b e capsul e
space. At the _at_ul&a§asl(iaﬁﬁhr&l 3IbvM) . néﬂhna@mtmw Wed® t he

chromaf fin cel | geyshieal dephi kbghlo1ans 1da fdAOlAYM uranyonti nued to

survive in the mcrocapsules after weeks, of mmintenance i.n vitro.
The fibrobl asts a\ﬁ@rtéte 284 APE YRS BHED 2 |%}h’e)dhaﬁ%n491q H&AANSB§i% s, and
wer e i danmt icfllieed raa mherbsbopdl ast cell line on the basis of their
cytoplasm c contents. WO 93/ 00439

PCT/ US92/ 05390 -31-

In the co-seeded microcapsules, small
neurites were observed at the light microscopic level
extending from the chromaffin cells after 4 weeks in

15 vitro. In general, the chromaffin cells and
fibroblastic cell line remained isolated from one
another. Groups of fibroblasts were also observed
after the fourth week of maintenance in vitro. The
fibroblasts were observed to be in the vicinity of

20 Matrigel® within the capsule space. At the
vultrastructural level, neuritic extensions from the
chromaffin cells were identified, and the fibroblasts
continued to survive in the microcapsules after 12
weeks of maintenance in vitro. The fibroblasts were

25 multilayered, aligned along their long-axis, and were
identified as the fibroblast cell line on the basis

of their cytoplasmic contents.

The invention may be embodied in other
30 specific forms without departing from the spirit or
essential characteristics thereof. The present

embodiments are therefore to be considered in all
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respects as illustrative and not restrictive, the scope of the

i nvention being indicated by the appended claims rather than by the
f or egoi ng descri ption/ Ve cl ai ng

- 32- 1. A method of pr oéum ng an active factor
conprising the steps of: 5 providing at | east one active
factor- ecreting cell obtained froma first source;

provi ding at | east e nce-secreting cell
obt ai ned from a “®5PSC Tt Qé}fﬁﬁﬁagbu?cgnﬁl f"f’ér E‘?s€ Brv 58 d $i% st 10
sour ce; scope of tdecapsehafbngbeang asnfiwetédichwrehe

secreting cell a S ret| ng cell
within a WAL RITIRE K cher than by EHESIOHER BEF)
al l owi ng the di fd‘a&ﬁrémtépnsalaadaétlllvéhﬁaeeérwmch come Wl‘ﬂh@r ethd ough

and 5 meaningUla Brkﬂﬂgéaof @Qﬁ§9§¥éﬁ&§do§eéﬁé claims are 2.
The net hod of cI al m 1 "wher.ei n sai_d encagsul at i ng step further conprises
di sposi ng said thez&fiedeyipgerdey; é’l°sEF’n BBPRRSBP L NEEFHR ane, said

We claim:
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menbrane allow ng the diffusion of solutes having a nmol ecul ar wei ght of
up to about 150 00 dal tons t her et hr ough.

- 32°- 1. A method of produgyxng an active factor conprising
the steps of: provi ding at | east one specific active
factor-secreting cell isolated froma first tissue or cell line;
provi ding at | east one specific augnent ary substance- produci ng
cell isolated froma second t or cell line different
fromsaid first tissue or cell Iline, ané2%§#§' augnent ary
substance bei ng a nol ecul e whi ch i nduces the active

factor-secreting cell to 1. A meth&PUELERGING bACketiveakdcaygment ary
subst ance- producing cel | belqg isolated from a secong tissue or

cell line differ%ﬁﬁ PF1%HRY the steps Qfiyy first tissue or cell line, and
sai d 5 augnentary Smemaxﬁﬂiﬂg;aﬁfnéﬂytnbnére&tsaédfactor-

active factor; i.d actlve fac
secreting cell and said aug % @ euJ!bst(ior}%ln%d fxrom fbfﬁ%ué?ﬁé“&él I
wi thin a seniperneabl e provighiniaared, legis¢ vesbrugmenkbowi ng t he

diffusion of said active 5@%wné&ﬂ§eﬁiﬁyﬂu@ﬂceu obtameanﬁr
cul turing said encapsul ated cells. The net d o? claim1l

wherein said semi per meabl ¥ G ddefrfﬁéél?ltefmesé%ge@ﬁﬁ% ng a
nol ecul ar wei bt of up t sabord; 150, 000 dal t ons. 3. The

method of claim1 wherein sai 4 {e/fNARAY €T8LR06CPOREL 58S a material

sel ected
secreting cell and said augmentary

substance-secreting cell within a
semipermeable membrane, said membrane

15 allowing the diffusion of said active factor
therethrough ; and

culturing said encapsulated cells.

2. The method of claim 1 wherein said
20 encapsulating step further comprises disposing said
cells within said semipermeable membrane, said
membrane allowing the diffusion of solutes having a
molecular weight of up to about 150,000 daltons
therethrough. R

HII!III Il |||l| 11
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fromthe group consisting of acrylic copolyners, polyvinylidene fluoride,
pol yur et hane i socyanate, polyal ginate, cellul ose acetate, cellul ose
nitrate, polyvinyl alcohol, ponvinyIchIg%%ge, pol ystyrene,

- 33 - pol yur et hane, pol yam de, pol ynet hyl met hacryl ate, pol ysul fone;
pol yarcyl ate, polyacrylonitrile, polyethylene oxide, and derivatives and
m xtures thereof. 4. The nethod of claim1 wherein said

active factor-secreting gell sai d. aygngpntary sulkstance- produci ng cel

is allospecific. ¥ %§? m?g8°ﬁegﬁoﬂf%g%cﬁeﬁ ihet®ih said active
factor-secretingncelpsudrtiaigdsaegmént ahyr sedisp ainoes pricchod ing eadidd i s
xenospeci fi c. s i3 0 f | el . sal d active
factor-secreti ngeclellsl. wﬁgglgegnSZ@Egglg}gg??%/ge%%rb%e{enreémosge% eotaéedas aid
active factor omai€rilgd sedec§edr faeni vhef yrepergonstiartaoig of 7

The method of sClairPllcviepeilmezsd BHIFRIART Yaswb st ANEerdy oduci ng cel | has
been geneticalléoﬁn |%§ red to Eroduce sai d augnpntary subst.ance or active
anal og or activ W%& DEhdFRGYanates, polyalginatem Lot RFSf claim 1

wher ei n sai d actacetstact celilslsskeantedate pnpd s e cowsiwtingl of a
neurotransm ttery,; AeATOduhILhy1Eh?BPEGe! 356 R styrene,
polyurethane, polyamides, polymethylacrylate,
10 polysulfones, polyacrylates, polyacrylonitrile,
polyethylene oxide, and derivatives and mixtures
thereof.

4, The method of claim 1 wherein said
15 encapsulating step comprises disposing within said
membrane a cell secreting an active factor selected
from the group consisting of a neurotransmitter,
neuromodulator, trophic factor, growth factor,
cofactor, and hormone. '
20
5. The method of claim 4 wherein said
encapsulating step further comprises disposing within
said membrane a cell secreting a neurotransmitter
selected from the group consisting of dopamine,
25 norepinephrine, epinephrine, gamma aminobutyric acid,
serotonin, glutamic acid, enkephalin, dynorphin, and

acetylcholine. e

A
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grow h factor, cofactor, and hornone. 9. The nethod of claim1
wherein said active factor is dopam ne, and said active factor- secreting
cell Is isolated froma tissue or cultur% sel ected fromthe group

consi sting of adrenal medulla tissue, chromaffin cells, ventral

mesencephal i ¢ enbryoni c tissue, neuroblastoid tissue, and a cell
genetically engineered to secrete dopanine

- 34 10. The method of. cl wher e | n.said active
factor-secreting cell isfa chT%W?t?*degéﬁrg claim 4 whereip) Sajfle ngthod of
cl aim1 wherei nesakgsatbtiegfsceprfustiepreomnseres dislpog,inggeniitatin

derivative, or LLagngphnplndna axgédifcﬁtiaancsfnﬁrtge%“—% &%’ti&x r 243Plsg4 gl- dopa,

or bronocriptine. Wier ei'n SSai d
augnentary subshgHEetransnetber thring dgpamims standg s¢fida precursor, anal og,

agoni st, deri Y;ahbMQot@BHsﬁli@Q@?ﬂée@fe@ﬁigj AT 3Gy 1%@h%tt@race:,roea@h havi ng
t he blologlcal act|V|t of |d au

y_ sub n The
met hod of cl ai mt3S&HEr Fncg % tséﬁ‘?c@rﬁr“@d&?“ﬁdséélnlg pr oduced
an augnentary subshaneﬁasehedhbuaftxxnuéuaqﬁnmmaﬁﬁmuucﬂhhsg ofendpyiader mal

frover acker (hEShachERYT,E IR AR vy () ol At dlmdgrore orout
tissue.
10
7. The -method of claim 1 wherein said
encapsulated step further comprises disposing within
said membrane an active factor-producing chromaffin
cell.
15
8. The method of claim 1 wherein said
encapsulating step further comprises disposing within
said membrane an active factor-producing cell that
secretes one of the group consisting of a precursor,
20 analog, agonist, derivative, and fragment of an
active factor each having active factor activity.

9. The method of claim 8 wherein said
encapsulating step further comprises disposing within
25 said membrane a neurotransmitter-producing cell that

secretes L-dopa.

10. The method of claim 8 wherein said
encapsulating step further comprises disposing within
30 said membrane a neurotransmitter-producing cell that

secretes bromocriptine. —

! Iﬂlﬂ L lllll Il
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neutrophi c factor (BDNF), neurotrophin-3 (NT-3), and conbinations thereof.
14. The method of claiml1l further conprising a retrievable, nonresorbable,
and bioconpatible guide wire attached to said senm perneabl e nenbrane.

15. The nmethod of claim 1l wherein said seﬁ?%@rneable menbrane i s tubular,
having at | east one end with a renovabl e and reattachable cap el enent.

16. The nmethod of claim 1l wherein said active factor-secreting cell and
sai d augnentary substance-producing cell are disposed within said

sem per meabl e nenbrane i nld.r efbeantehddsti o aigmid whadeianesdigi ng t ubul ar,

having at |east @neapRdiwkthgastepoVshh e s df@é&ﬁ%mﬁuﬁi}f?’ ;grent, so

as to enable extraction of said cells therein. ) he net hod

of claim 1 wheref§™0ZRRe8t FOLL BREBr12S Reen ganatdrad 1t angigeesedd from
t he group consi sttongrofBiudepani aetiveor gt tephyd st B NAHTdI&®r gamm

am nobutyric a%igbtqg%okgghmenglyﬁgpggfacid, enkephal i n, dynor phin,
acetyl chol i ne, “"substance P, agonI'sts, precursors, anal ogs, and fragnents

t hereof having neurotransmtter activity. 18. The met hod of
claim 17 wherein said neuqotrapgli hé€hod €W FHm I WndWPdh saia

encapsulating step further comprises disposing within
said membrane an augmentary substance which is a
10 growth factor.

13. The method of claim 1 wherein said
encapsulating step further comprises disposing within
said membrane a cell that secretes an augmentary

15 substance selected from the group consisting of
epidermal growth factor (EGF), nerve growth factor
(NGF), platelet-derived growth factor (PDGF),
fibroblast growth factor (FGF), brain-derived
neurotrophic factor (BDNF), and neutrophin-3 (NT-3).

20

14. The method of claim 13 wherein said
encapsulating step further comprises disposing within
said membrane a growth factor-producing cell that
secretes NGF.

25

15. The method of claim 1 wherein said
encapsulating step comprises disposing within said
membrane a cell that has been genetically engineered
to produce an augmentary substance.

I
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19. Acell culture device for inplantation within a subject for the
delivery of an active factor to said subject, said device conprising:

a seni perneabl e nenbrane permtting the di ffusion of an active
factor therethrough, whi | e exclud?%g agents present at the site of
I mpl antation which are detrinental to cells; at | east one
specific active factor- secreting ceIIdisposed within the

menbr ane, said active factor-secreting ceII bei ng

isolated froma first tisifie ofreerethogheof claim 1 whgrein said at

| east one speci f ieqcapgimatany step furtﬁ@bs@&ﬁp‘ﬁrﬁ@dﬂ@ﬁwﬁj hdidinsposed
within said merrﬁr ane, rgment ara/b stubst ance cfei.r;%ea 1
mol ecul e which i f3d8eLef éaﬁgtPQan%m? Fary substancerRIaqueing, Geld,
secrete active fablabr sesaetles one of thgnenkay yconisttamge-gff aduci ng cel |

bei ng . 5i %Q‘Ie%}u?goy Ogh %Coggodg%ét.su%@fl&ﬂ vé . Cgﬂ fragment

- 36 - “ferént I T'st” t1'Ssue or’ l'i ne,
and produci ng anoéugﬁéﬁt8P9m§05§¥hn%%b5tance' eaghhavingiiieer ent from sai d

active factor an@iological atbavityi ol 4 RS Sadermtcd iy sdidicesecr eting
cell to secrete active factor. 20. The device of claim 19
wherein said sem perneabl e nenbrane i s perneable to solutes having a

nmol ecul ar wei ght of up tol@abouThd50eOi9d daf tolhesim 1 wherein sadll The device

of claim19 Wi%r %maiguqas.@ﬁbpgwsa@ﬁ@tﬁ@frbémf@é@raﬁep%ar{aat&'@'

selected fromthe qrou consisting of acryl]c copolyme
pol yvi nyl chl ori d€€138I Y3 ERYPi BRHe W?@Qﬁ?ﬁ% in o fetdievable fashion,

said membrane having a tubular shape with a first end
and a second end, at least one of the ends having a
cap element removably attached thereto to enable

15 extraction of said cells therein.

18. The method of claim 1 wherein the step
of culturing further comprises culturing said
encapsulated cells in a physiologically compatible

20 aqueous medium.

19. The method of claim 18 wherein the
method further comprises extracting the active factor
from said medium.

25

20. The method of claim 18 wherein the
method further comprises accumulating the active
factor in the encapsulated cells and then separating
the encapsulated cells from the medium and lysing the

30 capsules to extract the active factor.
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pol yuret hane isocyanate, polyalginate, cellulose acetate, cellulose
nitrate, polysul fone, polystyrene, polyurethane, polyvinyl alcohol,

polyac¢rylonitrile, polyam de, polynethylnethacrylate, polyethylene oxide,
pol yacryl ate, and derivatives and m xtures” thereof. 22. The
device of claim 19 wherein said active factor-secreting cell or said
augnentary substance-producing cell is allospecific. 23. The

device of claim19 wherein_said actjive factor-secreting cell or said
augment ary subst ance- pr odéti ng® ce®llicu ket Rasiige for implantatipp The

device of claim &@twharei subpeelt AEST ViEnd atd DiveSSL IoHt ia0 a@lilvehda ceeen
genetically engi?eered tougfcrete sai d, active fact.or, or active anal og or

active fragnent tReP@of, SubJect, 'said fdevige camATISIinG:ic| aim 19 wherein
sai d augnentary subst ance- pr odaicsemg petrhe dialke bembrane permitting the

- 37 - genetbeal Iy engigeprsd: bp 8 OfhicR SR AT aleksYbRLaRCE Of

active anal og or active fragnent [ ) ¢e of
claim 19 wherein sai d actY¥ele RXeIuding Agantsd st dhe 15 tgr ©p consi sting

of a neurotransmtter, neumPIDEALidH wii oWMdyrd It indnt@RNite EaghQL,
cofactor, and hornDne. at leég% Jggaéé\Qégaégeggfysgk%gt%ggreln said
cell disposed within the membrane, said

10 active factor-secreting cell being obtained
from a first source; and

at least one augmentary substance-
producing cell disposed within said
membrane, said augmentary substance-

15 secreting cell being obtained from a second
source different from said first source, and
secreting an augmentary substance that is
different from said active factor and
stimulates said active factor-producing cell

20 to secrete active factor.

22. The device of claim 21 wherein said
semipermeable membrane is permeable to solutes having
a molecular weight of up to about 150,000 daltons.

25

23, The device of claim 20 wherein said
semipermeable membrane comprises a material selected
from the group consisting of acrylic copolymers,
polyvinylchloride, polyvinylidene fluoride,

30 polyurethane isocyanates, polyalginate, cellulose
acetate, cellulose nitrate, polysulfone, polystyrene,
polyurethane, polyvinyl alcohols, polyacrylonitrile,
polyamides, polymethylmethacrylate, polyethylene
oxide, and derivatives and mixtures thereof.

AR R
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active factor is-dopanine, and said active factor- secreting cell is

isolated froma tissue or culture selected fromthe group consisting of
adrenal medulla tissue, chromaffin cells, ventral mesdamhi@kbrHabBeeR RN C

ti ssue, neuroblastoid tissue, and a cell Getically e ' ' KD {{ecrete
dopami ne. 28. The device of claim19 wherei|mis i Jﬂ[ _
factor-secreting cell is a chromaffin cell. X e e of

claim 19 wherein said active factor is a precursor, analog, agonist,
derivative, or fragnent o?4an B idevicetodr cladoh2aswheoeiaxample, L-dopa,

or bronocriptin€ctive factor-prbdudihd@d19€ o@f selhial BLdReRgre! N said
augnentary substance is one of the group .consisting of "a precursor, anal og,
agoni st, derivatF¥RStaRLTRIRANMANDICH d saddhosPEFy fd6bst ance, each havi ng
t he bi ol ogi.cal activity of said augnentary substance. 31. The

device of clai ;M 19 wher ei sai,ﬂlé';u{p{gaﬂ{ear £ %Lil%si agﬁeﬁ%ggggi 0d; el l
sel ecte €g p

produced an augnentary substance [ from 2 group consisting of
nerve grow h factokiyed3ctepipeduting @&l fogcts@id( EGBRenbrakyn deri ved

neut rophi ¢ fact ogykSNRe-producing cell is zenospecific. - 38 -
neurotrophin-3 (NT-3), fibroblast growh. factor (FGF), platelet-derived

grom h factor (PDGF), and conbi nations thereof. _
26. The device of claim 21 wherein said

10 active factor-producin@ cell or said augmentary
substance-producing cell has been genetically
engineered to produce said active factor or said
augmentary substance.

15 27. The device of claim 21 wherein said
active factor-producing cell is a cell which produces
an active factor selected from the group consisting
of a neurotransmitter, neuromodulator, growth factor,
trophic factor, cofactor, and hormone.

20

28. The device of claim 21 wherein said
active factor is a neurotransmitter selected from the
group consisting of dopamine, norepinephrine,
epinephrine, acetylcholine, enkephalins, dynorphin,

25 substance P, gamma aminobutyric acid, glutamic acid,
agonists, precursors, analogs, derivatives, and

fragments thereof having neurotransmitter activity.

29. The device of claim 28 wherein said
30 neurotransmitter precursor is L-dopa.

30. The device of claim 28 wherein said

neurotransmitter analog is bromocriptine.
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32. The device of claim 19 further conprising a retrievable, nonresorbable,
and bi oconpati ble guide wre attached to said sem perneabl e nenbrane, so as
to enadble the renoval of said device from%?au d subj "é’étShﬂetH%BeenRéplaced 33.

he
device of claim 19 wherein said sem perneabl e rrerrbra havi ng
at |l east one end with a renpvabl e and reattachabl e c
34. The device of claim 19 wherein said active factor-secre and

sai d augnentary substance roduci ng cell are disposed mnthln sald
seni per meabl e menbrane in3a-r ehBoaBPBIFASHE oMl aidmiZd whARefe SRdichg tubul ar,

having at |east ageieadfuttbraikegoyablfe Anghd eaiiicablve cap el enent, so
as to enabl e extrac%gon of s 5. The deV|ce of

clai m 19 wherei n &5 rag?F§8%f38t8?&f51%.}ﬁﬁi%ﬁ§9ﬂﬁﬁﬂqt%ﬂt¥ﬁﬁWﬁn95j fromthe
group consi stingcofttdopasehectadr épomephe | gEeouepiorepietiimg cfcaddented i ne,
enkephal ins, dgnpedlinia E¥RShENCEnFonfPETR AN TP HAC d, gl utan c

aci d, serotonin, agonists, precursors, analogs, ragnent s t her eof
havi ng neur ot r an@fSENERPRAELEGi epbryonic tlss“%%i“eHﬁ9Qﬂ§ﬁ§Q§Qﬁt¥ﬁﬁHQﬂ 35

wherein said neugalir angalllit genftLE6HL Pl enSinedk® . to produce dopamine.
32. The device of claim 21 wherein said

10 augmentary substance-producing cell produced an
augmentary substance selected from the group
consisting of nerve growth factor (NGF), epidermal
growth factor (EGF), brain derived neutrophic factor
(BDNF), neurotrophin-3 (NT-3), fibroblast growth

15 factor (FGF), platelet-derived growth factor (PDGF),
and combinations thereof.

33. The device of claim 21 further
comprising a retrievable, nonresorbable, and
20 biocompatible guide wire attached to said
semipermeable membrane, so as to enable the removal
of said device from said subject.

34. The device of claim 21 wherein said
25 semipermeable membrane is tubular, having at least
one end with a cap element reversibly attached
thereto.

35. The device of claim 21 wherein said
30 active factor-secreting cell and said augmentary
substance-producing cell are disposed within said
semipermeable membrane in a removable fashion, said
membrane being tubular, having at least one end with
a cap element reversibly attached thereto, so as to
35 enable extraction of said cells therein.
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